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PREFACE

This reference document was y:itteqmpy‘Mr,mqi;bgggngiu
Binninger, Dr. Paul J. Castleberry, Jr. and Ms Patsy M. McGrady
under the supervision of Mr. John W. Burfening of tne Physical
Vulnerability (Nuclear} Branch of the Targets Division, Defense
Intelligeunce Agenéy. This document presents in detail the
mathematics of selected portions of the Defense Intelligence
Agency publication AP-550-1-2-69~INT, "Physical Vulnerability
Handbook - Nuclear Weapons (U)," 1 June 1969, The appendices
present the logic flow, necessary equations and constants
needed for computerization of the PV Handbook. 1Illustrative
programs written in BASIC language are included with each
appendix.

Suggestions for additions or improvements to this document
should be transmitted to

Director

Defense Intelligence Agency

ATTN: DI-7D
Washington, D.C. 20301
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I. INTROCUCTION _

The Defense Intelligence Agency publishes'"Physical
Vulnerability Handbook - Nuclear Weapons (U)," AP-550-1-2-INT,
for the use of operational planners, target‘dfficers, and |
physical vulnerability analysts concernedwwith thé enplovment
of nuclear weapons'and the prediction of‘their effects. The
methodology presented in the PV Handbook allows for target

hardness, weapon yield, weapon dellvery System accuracy,

. height-of-burst, and doctrinal requlrements to be considered

in practical targeting problems.

2 omitted mathematical

The ancestors of the PV Handbookl’
formulations to decrease their bulk without'detracting from
their day-~to-day effectiveness. The result is that today the

"Physical Vulnerability Handbook - Nuclear Weapons (U)" presents

only:tabuleted-data, graphs,zand other computational aids for

solution of practical problems and almost completely omits

the mathematical formulations needed to understand the system.

IT'Target Analysis for Atomic Weapons", AF-628202, by the
Physical Vulnerability Division, Directorate for Intelligence,

. Headquarters Unlted States Alr Force, PV TM 14 30 June 1954

2“\luclear Weapons Employment 'Handbook (U)," AFM 200-8, by the .
Physical Vulnerability Division, Director for Targets, Assistant

Chief of Stafi, Intelligence, Headquarters Unlted States Alr :
Force, 1 May 1958, SECRET/FRD ST
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This publication is intended to be a reference work con-
taining the detailed mathematical formulations whiwh.constitute
the grcundwork of the Physical Vulnerability system and in |
particular to assist those doing computer calcUlations; This
presentction is especially needed to document.Change 1 to the
PV Handbook which was issued .1 September 1972. Change 1
dropped the circular coverage function and adopted the
cumulative lognormal function to describe probability of

damage as a function of distance from the detonation point.
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II. ANALYTIC APPROXIMATION TO THE DISTANCE DAMAGE FUNCTION
A. PFactors Leading to Choice _ | |

In 1951 the Hiroshima and Nagasaki éata were analyzed3
to determine the damaging overpressures and variation in damage
with respect to overpressure for the various types of structures
found at leoshima and Nagasaki. | '

These data were insufficient to deﬁefmiaerthe precise
mathematical form of the probability of damage as a function of
pressure. However, after the evaluation of several analytlc
approximations, the cumulative lognormal function (a cumulative
normal function with logarithmic variable) was chosen as the

best fit to the collected probability of damage versus pressure

data. 4

Al
!

Protability of damage vereus range curves, referred
to as distance damage functions, are generated for any desifea
height- -of-burst (HOB) by combining the pressure-damage curves
with pressure vs. range curves for the desired heights—of—burst
{HOB) These distance damage functions are‘numerically inte~-

grated to obtain the weapon radii for Part I of AP-550-1-2-69-

INT (See Appendix A)

3vA Classification of Structures Based on Vulnerability to
Blast from Atomic Bombs", Technical Memorandum No. 4, Physical
Vulnerability Branch, Air Targets Divisioun, Directorate for
Intelligence, United States Air Force, 2 March 1951.
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To simplify the probability of damage calculations
in Part IV of AP-550-1-2-69-INT when weapon delivery error is
included, the actual distance damage function deScribed above
is approximated by an analytic furiction. In order to give
sufficiently accurate results for practical applications,
this analytic function must comply with certain characteristics
of the actual distance damage function. PV T™-14% showed that
the chosen mathematical model must closely approximate the
actual distance damage function in the maximum level of damage
expected in the neighborhood of the ground zero and in the
distance at whicih there is a 50% probability of damage. Also,
the relative slope and general shape of £he analytic function
must agree within reasonable limits with the slope and shape
2f the Aaztio2l distaic damage cuive.

Historically the Cirdﬁlar Coverage Function (CCF) has
been used for this apprdximation. However, for targets havina
damage sigmas greater than 0.3C tho CCF ic unab’_ %o Catisfy
the réquirement that probability of damage be near 100% at
ground zero. Therefore, beginning with Change 1 to the 1969

PV Handbook, the complement of the cumulative lognormal function

z“"Target Analysis for Atomic Weapons."
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is used as the analytic approximation to the disfanéé éamage
function. Thése two app;oximations for thebdistanéé damage
function are virtually identical for 0j=.|0 ’ differ‘at most
4 percentage points for 0;=.20 , and differ at most 6 percentage
points for g3=,30 . These differences do not cause significant
differences in calculatéd probabilities of démagé when weapon
delivery error is included. Howeveri‘significant differehces
in calculated probabilities of damage can occur fdr GZ§ of .40
and ,50. L '
B. Analytic Form of‘the Lognormai biétancevnamage Function
In Part IV of AP-550-1-2-69-iNT the éctual distance
damage function is approximated by the complement of the
cumulative lognormal function in order toléimplify probability
of damage calculations. The lognormal density function with
variable r and parameters o, and F is expfessed mathematically
as ‘ . v, - | '
P (ria F) = 6-.{['3 h(%—/]
Ll ﬁ‘f?"/sr : ‘

for r > 0 where fn is the natural logarithm. The standard
notation has r and @ interchanged in the exponent, however,
the forms are equivalent. This density function is<plotted“in

Figure 1 below for several values of Iﬁ for ol=/[.
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FIGURE 1.

It can be shown that «f)(r‘s d..'lg ) is a density function

over the domain (0,00) by letting 7:-’};—%(%) and noting that

lim|[-L %(%—)]: " 'and lim [—‘I_;; M(%)] = oo'

=00 P reo

Therefore,

’ . dr =- ‘°°' "612 _ 1 e’méd = l
fprmpdr ~ffd=e dy = fﬁf ¢

[+

The parameter oL , which is the median of the lognormal
density functicn, is L., the distance from ground zero at
which there is a 50% chance of achieving a specified level of

o
damage, i.e., f'ﬁ(r} &, P)ar= ‘/z . The parameter/e is the
o
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.~ where Z(r)= "IL?“ ﬂn( r
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'standard"deviation of l‘nr. '

- The cumulative lognormal function (i.e., the

distribution function) is expressed as

2(r) _11:/2' .o . '1':72

P(r)=f1afr;¢,,s3dr=-(’,'_r";€ dy = |7=€  dy

s o
A graphical representation of P(r) is shown in figure ‘2.

l.o -

P(r)

Y -

" FIGURE 2

Since the distance damage function P4(r) is monotonically

decreasing it is expressed as the complement of P(r)-.

Pd(r) 1-P(r)

Pd(r)
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where z(r) =,7£_ //ﬂ( r).

The distance damage function, Pg(r), is depicted in figure 3.

1o 4

R

r —»

FIGURE 3

Note that the damage function Pg(r) is the complement of a

cumulative distribution function, not a density function, i.e.,

f( d%m) 4=| | and (“a('”> dr # |

Since Pd(r) is a cumulative function, it represents the
probability that a target will receive at least a specified
level of damage. For instance, if Pd(r) is being used to
describe severe damage, l—Pd(r) is not the probability of
survival, but the probability of achieving less than severe

damage.
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. III. PARAMETERS USED TO DESCRIBE THE DISTANCE DAMAGE FUNC‘TION

A. Definitions of WR and Q§;, Parameters of the Distance
Damage Function v

Given the analytic form of P (r) from Section II.B.,
the parameters oL and {3 uniquely Specxfy the damage functlon.
Historically, however, the DIA PV methodology has used the two
quantities weapon radius (WR) and distance damage 51gma (O’J)
instead of o and £ to deocrlbe Pd(r),“ -rhe qua,ntj_tles WR and
0, are constructed from the first two moments about the origin
‘of the lognormal densu-.y function. Specz.flcally, WR=V<r =5
and 0: = %});___;;r)_’: where the first moment <{r) and second

moment <r*>» are defined below.

<r>= ff‘?«(rd.,ﬁ)drfdp{r)d fr( dr JP(")‘J"

oo

T ’1‘ | P\ ‘v |
<ry = f” 1‘““‘(3)4“ fzfﬁ) f"(‘%)d'{zra(\')df

The last transition on each line is achieved through integration

by parts. The procedure for the numerical calculation of <r)

and <r2)» for any distance damage function is presented in avpendix

<

A. A . e
The functional relationship‘between & and F and WR



and 0; will be derived in part C below.

B. Conceptual Descriptions of WR and 03

The weapon radius is the square root of <r*)>, the
second moment of the density function associated with the
distance damage function. A more cohqéptuél definition states:
Given a uniform distribution of like targets, the WR is the
radius of a circle centered at the GZ that contains as many
targets undamaged to a specified level inside as there are
targets damaged to a specified level outside. Thus if the
: undamaged targets inside the circle are replaced with the
damaged targets outside the circle, fhe circle of radius WR
would enclose an area entirely daﬁaged to the specified level.

Expressed mathematically,

2m WR ’
Number undamaged _
inside WR = _(f (I-Pd(r))rdrde
o o
2r o
Number damaged - f' I
outside WR = ) Pd(") rdr do
wR

Equating these and simplifying,
(- -4

WR? = j 2r B(r) dr = g rzp(f‘;d-,[é) dr=<r2)

i.e., WR? is equal to the second moment about the origin of the
lognormal density function,

The mean area of effectiveness (M.A.E.) of a weapon

10
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is defined as the area over which a wea?un on the average

achieves at lcast a specified level of damage-

2 oo B
M.A.E. = f{ Pi(r) rdrde = ﬁWRz .

o -]
The mean area of effectiveness of a nuclear weapon is a circle
of radius WR. | i ‘ |
The second basic parameter of the PV system is the

distance damage sigma, 0] , a number belt\v»teen’ O‘and 1. ,

o* = <rav-<edt | _<&ry
d {r*> <{r*>
O]z is a measure of the variance of the deosity function. It
is the variance made dinensionless by &1v1s:.on wz.th the second
moment. Small oy s indicate a relatively rapid fall off of the
damage function. Large (Tj S indicate a nore gradual “fall off "
The damage sigma should never be confused with the derivative

(slope) of the damage function.

C. Evaluation of WR and Ty for the Lognor‘nal Distance
Damage Function ,

In order to evaluate WR and a; i.n terms of the para-

meters O and ﬁ of the lognormal dlstance damage functxon,

: .it is necessary to evaluate the flrst two moments of the

lognormal. density functlon .
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By definition, the first moment, <r) , ’of' the

lognormal density function is

- ‘ . ' | z
e . 00 o __74: —'—}n(%‘
<rr= (rptra,pdr=(ral ar € (2

As was stated in Section II.B., the parameter @ is

dr

r.,, the range whgre there is a 50% probability of damage.
~FY
’

. g . . . .
Letting 52-/%-“?& which is equivalent to letting r=rg, €

the above equation becomes

‘V<r>: f 'r_—‘FT' (Fr‘so /35) C}‘j
” -472 -
=-”'{-—i1_1-r=.e rsoeejdj

<rd> =7, ﬁ-—’?;-, e e y

= % (yrp)

_ 72 (L o F TP

BRET j”ﬁ? Y

- L + '
Since fq'_'i?r" ez(l‘ P d'j = | , the first moment is
P/
<r> = s € B

12
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Since f = ¢t

g

_The second moment , {r2)>, of the loghomal density functior

is defined as

<ra> = f rfp(r;a,p) dr
e P!

Again using the substitution €= Fg o this becomes

' s ‘Lfﬁ‘*l‘*ﬁa) |
<r‘">=-(% e " 4y

By completing the square,

2 “ "L(l+2 )1
<roerief (gme Uy

- oD

! -4 (y+2p) .
=yt 2P d‘_] = | , the second moment is
- olh ’

i 2 zP"
Kr*y = rg, €

Using the above results for ¥r?) and the definjtion

WR = {r*) , the WR is given by

2

WR=rsoeP=oLe

13
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into the equation for 0“'," to obtain :

2 _ <r’->-kr>".= _ -B
O:l - {rz) ' S

This can be inverted to obtain p for the lognormal distance
damage function if the distance damage sigma is known. The

inversion gives

F:‘f‘ﬂn(l—agzy

The expressions for WR and oaz,can be combined to give fsa’ FEoL"

if WR and 07 are known. Specifically,®

Fso = 0L = WR(“O-':)

14
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IV. COMBINTD WEAPON EFFECTS

When a target-is primarily susceptible to one weapon
effect, then the WR and 0j of that effect alone are used in
predicting damage to the target. For example, a single story
wood frame dwelling is primarily susceptible to overpressure
and therefore it is designated a P (fer overpreSSure) target.
In this case the probability of damage to the target is cal-
culated using only the appropriate WR ard o] for overpressure.

In some cases, however, two or more weapon effects may
significantly contribute towarad damaglng the target. For
example, personnel casualties may result from blast effects
and/or radiation effects. In these situations the weapon

radius has a larger value than it would have for either effect

. alone. he DIA methodology assumes the independence of effects,

Therefore, the combined effects weapon radlus ls estxmated
without allowance for the possible greater susceptlblllty of
a target to one effect because of exposure to another.

If three irdependent effects (i = 1, 2, 3) are considered,

and the damage function for each is given by

i;(r) —‘a:/z . :
. 1 ST
B f e Y

[




P . . < 2 C B < B ~.

where : -
o ;5;<i
B(z/(r) = f =€ 4

2/(r)

5The derivations of cguations 1 arnd 2 are presented in detail
in Appendix . :

16

c'f”f“ff%ffﬁif;mfﬁiﬁéTf”:f?ffﬂﬁﬁ”‘;."Tﬁ. }Wy va"*“v?"mgch‘; T '{r? 
ey

) ‘ : . z ': -F& e < < ¢ ’-v
 and _'qza = { e . ’ ‘ . o
then the combined distaﬂce damage function i§

Patr) = | =(1- Py (M) 1= Pa(m)( I Py (r))

= |~ -l1=-(1- - NG
L= {1-T1=C-PeX 1= P 1 Pa(n}
= 1 -(1-R o)X1-F )

where Pd”(r) = l—(!"PJ‘(r)XI‘ Pdl(")) .
The above formulation represents the combining of two of the
effects and then combining thal resultant effect with the
third.

The weapon radius of two combined effects, WR,,, is®

wrt, « [2r P (Vdr =wr} +wr} -2 [ r B™P (M dr

2 ' a2
o . °
p (X
2 2 ’ 2 ’
WR = WR B(z(wr e")) +wr; B(Z(wr, e™)) (EQU. 1)
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and ‘ : ‘ F?‘
PR wr,e'"\)
Z;(T) *W h r .

The first moment when two independent events are combined,
{r,2> , is derived in the same manner.

[ d

<ray = <> a<ey - (R Pidr

<rad= <rYB(Z(wr)) + <ro) B(Z/(wry)) | B0 2

The distance damage sigma for two combined effects, Cglz . is

found using

S ¢radt
dtz. - (P.:)

A computer program for calculating the weapon radius

and damage sigma for two combined effects is presented in

<

17
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V. ‘WEAPON DELIVERY ERROR ‘ . . w s
E : B . - N ¢ -

‘The circular error ﬁrogégle (CEP) is a measure of weapon
system accuracy. ‘It is the r;dius of a circle centered at the
desired gréund‘zefo‘(DGZ) within.wﬁich 50% of:thé\iﬁpacf points
will fall if the distribution of impact points is assumed to be

normally distributed about the DGZ. Expressed mathematically:

2T cep 2
. -%a"'

| )
—5=f(m———;-ze rdrde

-]

The standard deviation, ¢°, of the impact point distri-

fution is often expressed in terms of the CEP as follows:

¥ pa cep
—e

o
2

-csv?éfz

- 0°=0.84932 CEP

or

CEP = 1|74 o

18
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VI. PROBABILITY OF DAMAGE CALCULATIONS
A. Point Targets

By using thebdamage function presented in Section II.B,
it is possible to predict the probability of damage to a point
target if the offset distance from the detonation point’to the
target is known. In general, however, all that is known is the
distance from the aim point to the target. The actual distance
from the weapoh detonation point to the target is uﬁcertain due
to inaccuracies in the weapon delivery syétem. Thus‘the results
of an attack can not be predicted with certéinty; all that can
be predicted in most cases is what is most likely to happen,‘or
what will happen on the average. The PV system calculates an
averaée probability of damage by weighting the probability of
damage for each possible detonation point by the probability
that the weabon lands at that detonation point. The probability
curves in Part IV of AP-550-1-2-69-INT ﬁere de:ived essuming
that the distribution of actual:detoﬁétion poihts about the aim
point is described by the circular normal distribution, i.e.,
the prcbability that a weapon lands in a small area,_AA, a

distance from the DGZ is given by
£

) . :‘Tfﬁﬁéa-z ¢ . | o br“ :
pr - AR

<
@

where g is the standard deviation of the circular normal

<




Tl ,’c'distrib&t@on; The distéhée of'the:impaét'poiht;fgom’the‘DGZ,.
f" is related to x, the distance the*DGzyisroffset from the
target, and to r, thebdistence of the”target from the impact
point, by : ’ H |

f;2'= rz+ xz'—,ereose
This relationship is geometrically illustrated in figure 4

below.

IMPRCT
POINT

Figtfe i‘
If P4(r) is the probability of damage to a point target

i located a distance r from the actual impact point, then

P(r) ma_; e-fé«- AA

is the probablllty that the weapon falls in the Gnall area AA

3 K -

and damages the target to tne SpeclfIEd level. Therefore, the
sum of all possible terms like that above is the probability

of achieving the desired level of damage, P, to a

20
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-a%
.where z= -F,- ﬂn (WRre )

point target located a distance x from the DGz.

-r/
p- AN ORPT S -

‘l'..-
2T @ (r".,-x?-lrl cos ©)
2a*
P- ([ A z.e " rdrde
o o : -

To calculate P in Part IV of AP-550-1-2-69-INT, P4 (r)
is approximated by the complement of the cumulative lognormal

function presented in Section II.B.

where z(r)l = -T;— h(-’—;‘-‘g) = TsL ﬁrt (u,—R—E:F-)

.. The value of Pd(r) is calculated at increments of r.

by use of the error function (erf) definition‘

P (r) = .5 +.5 -’-%! erf (.1\,——-2%_—‘-)

The erf can be approximated by erf (u) = | - ('—")

“whereu>0 D=" |+Ze U.

[ ¢ = <"

@

21
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and e, = 0.0705230784
e, = 0.0422820123
e, = 0.0092705272

e, = 0.0001520143

es = 0,0002765672
e, = 0.0000430638
The term iﬁQF‘,%

"using series expansions6

rA

L exp (XX

zw ) cos 8) d6 =

Corx
If ;; > 3. 75 then

o ~ J_’g?
1 1 5
4

L 6E. E. Allen’ Analytical
8, 240-241 (1954).

TP B L AP ALY W P b gt it S 1 e 5 i -

function of the first kind,

multlplylng by r exp (-——— (x?
20°

where £ < 1.6 x 1077 and j1==(~

i N o
< e % . e

-“

L% 4

_(r*s ¥ 2ry 00s6)

202

rdrdb is found by

of the zeroth order modified Bessel

1 aw
‘ﬁ‘-‘L exP(% cos 8) d6, then
5 rx i
+ x%)). If 5 £ 3,75 then

T . . .-" 2
I + 3.5156229*j, + 3.0899424%5°

4 1.2067492%j % + 0.2659732%j "

+ 0.0360768*j,° + 0.0045813*j ,° + €

rx \?
z -

3.750

e o
exp(o-;Cose)de (cr*) EXO(QA [0 39894228 +

0.01328592%3, + 0. 00225319*32
0.00157565%3,° + 0.00916281*3,"
0.62057706*j,° + 0.02635537*j,°
0.01647633%3,7 + 0.00392377+3,° + €]

Approximatibn, Math, Tables Aids Comp.

]
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where £ < 1.9 x 1077 and j, = 3;220 °

The original integral for the average probability of

damage, P, may be thought of in the following manner.
b

2n © _rix*-2rxcs®

P=5 o( (E’,(r)e 20"-‘1 B rd'rd9= ('F(r)drﬁ -

a

where a and b are selected such that when r < a, f(r) =z 0 and
when r > b, £(r) = 0. The lntegrali?(r)dr can ‘be evaluated

using Gauss-Legendre quadrature. Using this method:

a) i w; {((b;-d)f»”-b 4’“)

isl

b
f f(r)dr = (b

where w; and z; have been derived for‘various n and £ is the
accumulated error. Use of n=10.wi11 result in £ < .0001.
Appendix E contains a computer program based on the
above formulation.for calculating the probability of damage to(
a point target at any distance from the'DGZ., °
Appendix F presents a'cohputer program for calculating

the required offset distance from the DGZ to the target to

achieve a specified probablllty of damage.



| B. Area Targets i: i : ;: - L c :\ ‘° -
Average p. "babilities of damage to area targets are o
obtained by dividing the area target into smalileells which
can be treated as point targets, calculating the probability of
damage to each cell, weighting these probabilities by tbe area
of the cell or the portion of the target in the cell, and
averaging the results. This approach is discussed in the
following paragraphs for nermally distributed and uniformly
distributed area targets.
1. Circular Normal Distribution

‘Some area targets, such as population centers,

exhibit a concentration of target elements in the center which

[

tends to become less as the distancerfrom the target center

increases. The distributlon of target elements in this case

can be well described by a c1rcu1ar normal dlstrlbution. A
P-95 circle is used in Part IV of AP-550-1-2-69-INT to describe

a normally distributed population. The P-95 is the radius of

the smallest circie which encompasses at least 95 percent of
the population being con51dered If the target is not a poo—
ulation target, the 95% radius may be referred to ‘as an R-95

Expressed(mathematlcaliy

a

or other equivalent term.

_tz
2<T‘
21r<r" €.
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p-95

which gives the target sigma, O‘“, as 337-

The average probability of damaging the target is
obtained by dividing the target into J small cells having a
proportion aj of the target elements, ealcﬁlating Pj at the

center of each cell and then f1nd1ng the average probability

of damage P to the target by

J
> R

e
P ia‘.

(s

This method of calculating the probability is quite
slow, however. A faster, preferred method involves combining
the target andqweapon delivery disttibutions into a joint
distribution and then calculating the probability as if for a
point target using the CEP of the ]Olnt dlstrlbutlon. Thls
approach is possible because both the dellvery error, f(r),
and the target density, £(t), are normally dlstrlbuted and
thus their ﬁoint density funétion‘f(r,t) is also normally
distributed. The variance of a joint distribution of inde-
pendent random varlables is the sum of the variances of those
random varlables. Since the dellvery error and target density

are ihdependent, f(r,t) = f(r) * f(t), then c‘==a'+01 where

2 . " . e i e . . P
- 0, describes the variance of the joint distribution, ¢ des~

. . ©ey 2 . 2 .
cribes the variance of the delivery error, and O; describkes

the variance of the target density. Therefore, the CEP of the

< e B ©: <
«.f . - < e ° s .
£ ) R FIN . ¢ & 5. € .
. 2 o
o .
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joint distribution, the adivsted CEP 1CEP;); is given by

CEP, = l“.|774‘o;‘= 4 cep* + .231 (P-a5)*

- i 2 2 o
where .Z3I(P-9$)z=("m;,i4“’ 45‘)) = (1.1'77"" 0';) is the

target CEP2

A computer program based on thls formulation for cal-
culating probabilities of damage to normally distributed area
targets is presented in Appendii E.

2. Uhiform Distribution

For unlformly dlstrlbuted area targets, the method

used to calculatz precise probabllltles of damage agaln beglns
 with the divisio. of the area target inte small‘eells,vuAll_qf

the cells that are equidistant<from the DGi will have equal
probabiiitiee of damage. Referring to figure 5, if conceﬁtric
circles are drawn about the DGZ with radius rj whefe rj = ii-l +
Ar and where Ar is small then the target cells located ln the
‘annulus between rlifnd rl_l w111 have equal probabllltles of o

damage.




e SRR s i

R .

B R

o AR e i S e o R e e e Y

If a; is the area of intersection of the it" annulus and the
target, then the average probability of damage to the uniform

target is

where the sum of the aj is equalvto>%+(fR)zv;ﬁ& TR is the tar-
get radiua. '_ v vw‘ ’

A computer program fof calcﬁléting pfobabilities of
damage to uniformly distributed area tafgets based on the
above method is presented in Appendix G.

Good approximations to pfobabilities of'damage to
uniformly distributed area targets can Be obtained by treating
these targets as point targets énd fepiaqing the‘weapon delivery

CEP with an adjusted CEP, CEP,, where

CER, =VCEP*+ .# TR® for TRS(WR+X+CER)

or

ACgpﬂ_:%Ep’-r..‘S' TR® for TR>(WR+X +CEP).

These CEP adjustments were émpiricéily derived. They have no
basis in mathematical thecry as does the adjustment for normally

distributed area targets. ‘Probabilities of damage‘calculated

° - o
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using these adjustmenﬁs‘will usually be within 2 or 3 percegtage
points of the rigorously calculeted'results,

These CEP adjustments can be easily incorporated into
the computer program of Appendix E for rapid calculations of
probabilities of damage.

C. Single Shot P:ebability

Single shot probability, SSP, measures the relative
frequency with which a weapon can be placed within a designated
area assuming that with a large number of independent trials
there would be a clrcular normal distribution of lmpact poxnts.
For a circular normal dlstrlbutlon, the probability that an
impact point falls in an 1nf1n1te51mal area dA a distance 'F
from the DGZ is 3 'o" e f/o- dA. As discussed in section Vv,

- the standard;dev1atlon of this distribution, 07, is equal to
.84932 CEP. The SSP is found by integrating this density

function over the designated target area, ‘A.

SSP= 4= f 'e'f/zf".;an

If the target area is circular, it is easiest to

. perform this'integration using'circuler.eyiindrical coordi-
nates (r,8) centered on the target. The'general case where
the aim p01nt is offset a distance x from the center of a

target of radlus TR is shown in flgure 6

c

28
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Figure 6
To calculate the SSP, f must be expresséd in terms of
the variable of integration, r. Uéiﬁg'the‘géometry of figure 6,

the relationship between pand r is
f"'= ré+x*- 2rx cos ©
The SSP is then

2T TR r*4x2-2rx cos ©

SSP= ! ff e_ re® rdrde

2ma*
(-]

fI (c‘z l"e dr]
cos®. »
where I ("‘")-— 2.11',{ e ‘ de is vt’he zeroth order modified

_x;éa;
€

1]

Bessel function of the first kind discussved earlier in this

. section.

If the aim point is located at the center of the

circular target (i. e., X=0) then the above equation reduces to
cr‘f re’ dr

-5 TR/g-)

& s(/e)”

(29 : ‘ S
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In section V the CEP iérdefinéd such that i%-=
This definition can be used to eliminate o fron the above

expression for SSP to obtain

(TR/CEP)z

SSP=1-.5

D. Equivalent Target Area
For cértain special classes of targets such as bridges,
dams, locks, runways, etc., a specified degree of damage to some
part of the target satisfies the damage objective. For example,
for a bridge the collapse of one span is usually the damage
objective. The exactvdetermination of the probability of
" damaging such(targets is possible but guite laborious.’ t
prpprokimate answers can be obtained with much less effort by
‘employment of the equivalentrﬁaféét area (ETA) ééproximaéion.\
The ETA is defined'as an area such that the probability of
’placing ﬁhé GZ in the area is equal to the probabillty of doing
the desired level of damage to the térget.

L Fo:_é:fectangula; target the ETA iskapprOXimated by
’addihg margihal étfip$ around éach edgg of‘tﬁentarget éf widﬁh
ﬂ‘eqéal to the weapoen radiusifor that aspect of the targef; Then
tne probability of damage ta a rectangle haQing a length ¢ and

width w is approximately the_érobability of pl;cing a weapon in

¢
¢ B
©

=7“Target Analysis for Atomic Weapens", p. 5-1.

[
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a rectangular area of length (2+ZWR1) and wid§ﬁ 6f fw¥2WRw)
where WR, -is the weapon radius associated with the leﬁgth VN
and WR, is the weapon radius associated with the width VN.
This approximation is improved if the actual CEP of
weapon delivery is replaced by an adjustéd CEP fdr each aspect

of the target whith compensates for the variation of damage

probability with distance. The width adjusted CEP, CEP_, is

-

given by CEP, = 1.1774 o, = YCEP? + (1.1774 04)* WR,®, and the

length adjusted CEP, CEPy, is yiven by CEPz = 1.1774 oy =

YCEP? + (1.1774 ag)? WRE where 04 is the'damagevsigma having
a value between 0.10,and 0.50, and o, and 0, are the adjusted
standard deviations of the adjusted delivery function.

If the DGZ is located at the‘origin of thé X, Y
coordinate system of figure 7, the probability that a weapon
falls in the semi-infinite plane from x ==“avf:.c X =00 is

' (o @ ‘x;ﬁqf -Qﬁiq:i
e dxdlj

. -00 Q. ) :
|
d
‘_—.—_'.._—-
[
3 : Y 4WQ~
{
WR,,
o . L
PGz A/ & < T
Figure 7
31
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<~ Holding "x" constant and integrating with respect "y" yields

€
€

:=_'.—- ”-'/z,r o ( /Z;dc

21 G‘i C = . 5 ‘ﬁ._fF a.i
. a - .
Let t = x/0,, dx = ozdt. Therefore,
a/d" 2
F) = -~ ! 't/& dt
a e FXi
(-]

.5-.5'-21. em‘("'ﬁ%)

wnhere Jalis the absolute value of a, i.e. I-5}

The probability‘thatrthe Weapoﬂ'falls in the semi-

infinite strip of width (b-a) is (P Pb), where b-a = ¢ + ZWRQ

(see flgure 7) ‘ The probability that the weapon falls 1n the

sem1 1nf1n1te strrp of W1dth (d c) is (P —Pd), where d-c =

. -

w + ZWRw : Therefore, the probablllty that the weapon falls in

the rectangle defined by x = a to b, y =c to d is P, where
P-= (Pa‘-b) (pc"Pd) . ) ¢ ': ‘ : .'

¢
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This result is easily programmed usingythé”series expansion
for the error function from Section’IV;A.” ‘

The ETA for a circular target is éonstructed by adding
a ring of width equal to WR around the‘target. The probability

of damage is then calculated using thé'method’of part C, Single

Shot Probability, where TR is taken to be the target radius,

and the CEP is replaced by an adjusted CEP (CEP,) where

.CEP, = YCEP? + (1.1774 04)* WR*
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VII. VULNERABILITY NUMBER (VN) CODING SYQTEM L

A. Vulnerability Numbers : s i | ‘ :
In thelVN system, a target's susceptibility to blast

damage is indicated by a combination ofinumbers and 1etters.
The vulnerability number (VN) consists of a two-digit number
reflecting the'ﬁargetrhardness relatlve to a specified damage .
level, a letter indicating predominant sensitivity to over-
pressure (P) or dynamic pressume (Q), and a K facto:.} The two
digit numerical value scale:of the VN is an arbitrary classi-
fication describing a target's hardness. It is a linear function
of the logarithm of the peak pressure from a 20 KT weapon that
would have a 50% probability of damaging a randomly oriented
target to the deslred level ‘The base vieid was chosen to be
20 KT 1nstead of the more convenient 1 KT because the orlglnal
‘system was developed from the leosnlma Nagasaki data assumlng
: tnat tne Ylelda of the leosnlma and Nagasakl weapons were 20
KT. The approprlate damage sigma for P targets unless other:
wise specified is @3 = .20. The appropriate damage sigma for
Q targets unless otherwise specified is g = .30. The K factor .
allows for hardness aéjustmemss’to be made to account for the
effecés of variations in blast mave Quration due to_differenpv
weapon yields. Each VN musﬁ'also have a specified damage-)

1evel criterion, such as collapse," "24-hour recovery time,"

"severe damage to contenrs, moderate structural damage,

. o .
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etc.

The completely arbitrary codihg relationship for p

type targe*s is
PVN

Pso = 11216 (1.2)
whére Py, is the peak overpressure from a 20 KT wéaébn that has
a 50% probability cf achieving the desired level of damage to
the tafget. This relationship was establishéd so that a P,
of 10 psi corresponds to a PVN of 12, With each ihteger in-
crease in the PVN the associated pgnliﬁc;eaéésbéO%.

This ccding relationship may be inverted to obtain

PVN = je?/o Pso — [oyio (I.I.ilé)
b?m CI‘Z)

or

PVN

12.63 Loz, s, —.és—l
Since the peak overpressnre at a given range is

uncertain to roughly t 20%, this coding relationship insures

that P type target hardnesses are not specified more precisely

‘than justified by the pfessure—range data. This scale con-

veniently allows for the complete pressurz range of interest

to be coded by a two-digit number.

The dynamic pressure coding scale was chosen using

the apbroximate form of the Rahkiné;Hugonioéfequation,

35
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g = .023 p?. The scale was defined s¢ that the dynamic pressure
required for a 50% probability of damage, éso,’for_the VN of

interest is equal to .023 pso2 where p;, is from the numerically

bility but not at other probabilities.

950

dso

The above relationship establishes a 44% difference ia peak

dynamic pressures between adjacent VN's.

i e ¢ e Ao % LR 8 A

¢ .

.023 (p,,*?
.023 (1.1216*(1.2)9W)z2
.02893%(1,44)9N

Thus,

to give
Qun - Zbe B = Irpo(02893)
e ‘L“T?w ('.442 o
or’ | 1 E
QN =£.3] Lo, Goo + 972

< This relationship insures that the complete dynamic
pressure range of interest is covared.

pressure at a given range is only known to within abcut + 40%

. than juStlfled by the pressure range data.d

36

equal P VN. Therefore, the VN's are "tied" at the 50% proba-

This can be inverted

. 8ince the dynamic

Q type target hardnesses are also not spec1f1ed more accurately ‘
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Care should‘be taken not to use tﬁe‘eqﬁ$£ion q=
.023 p? to calculate the peak'dynamic pressufe corresponding
to a given peak overpressure. For overpressures below about
10 psi the equation g = .023 p? is a §ood appréximation to the
Rankine-Hugoniot relation %=—% 7—;%:—:—?—: where p, is the ambient

atmospheric pressure. This Rankine-Hugoniot relation was

derived® assuming an ideal shock front. It only fits the

available experiment data fairly well’fbr zero heights-of—burst

(HOB) . The correct determination of the g given p or vice
versa for a given HOB must be through the horizontal ground
range using pressure-range~HOB curves such as figures I-4 and
I-9 of AP 550-1-2-69-INT. | f
B. K Factor

As previously mentioned, the blast wave duration
varies with weapon yield. The increaééd blaéﬁ‘dufation associ-
ated with larger yields may cause targets to‘fail at lower
pressure levels, while at small yields the.reduced blast dura-
tion may necessitate higher pressdres for target failure. To
account fof this yield dependencé; the PV system ﬁses K-factors
for both P and Q targets. The K-faétéf is an integer from 0 to

9 which adjusts the base VN to reflect the senéitiviéyiof the

8samuel Glasstone, "The Effects of Nuclear Wsapons", Air Force
Pamphlet No. 136~1-3, Department of the Air Force, April 1962.

37
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:taiget'to:the different preséuieJtimé pulse shapes for yields

other than 20 KT. ;ACK factor of 0 indicates a target that is
not sensitive to blast wave du;ation and can be expected to
fail at the Same pressure regardless of Qeapon yield. A K
factor of 9 indicates a target that is very sensitive to blast

wave duration and can be expected to fail at quite different

. pressures at various yields.

‘The adjustment factor R is the ratio of the pressure
(either overpressure, p(Y), or dynamic ptessure, g(Y), required
for a 50% probability of damage at yield Y to the pressure
required at 20 KT (p(20) or g(20)).

the adjustment factor, R, in the following manner?

& (-

< e

] icv)'
. ¢(20)

: T\ _ 2Y)
.l? = | - t = p(20)

<

positive phase blast wave duration for 20 KT

tq = positive phase blast wave duration for yield Y
%) _ : : .
7, for overpressure

X

3

Lyid = .451*

= .105 * for dynamic pressure .

- Impevelopment of the K-factor in the VN System," PV-105-61, -

Air ‘Force Intelligence Center, Assistant Chief of Staff,
Intelligence, 25 Jaraary 1961.

< < <
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The K factor is related to
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' fTherefore, for P type targets,

/3 . Y \/
5 1j(;i,))( = |- 25+ 5 R (3)

e
1)

~
"
v
|
+.

For Q type targets,

‘ ; Y Y3 ¢ .k Y8 (20
b ’ .<<3<Y> (2)- (- 6+ 5 R (
! : = "-—+ — (o] .
; v R=1- %(zo) Y l f°‘ '
‘§ - ? These equations are solved for R for a glven K factor and yield
: é by iteration to the desired accuracy u51ng a flrst guess of 2
? for PVN's or a first guess of 3 for QVN' s.‘
¥
? The adjustment factor R is used to determine the
; : adjusted VN (VN.) using the PVN and QVN coding relationship as
shown below. For P Vli's, VN = VN+A, where
A = log(®)
A o log (1.2)

]

12.63 log,, R
5.485 log, R

© L it b ————— -
]

For Q VN's,
i' A = 109 (R)
e log(1.44)
! T N = 6.315 log,, R
i . = 2.742 log_ R

v s © e % G o
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c. VN—Probablllty Relatxons 5 o 4

It is often necessary to know not only P for a
given VN and yield, but also’ the pressures for other prova-
bilities of damage. The method used £6 obtain the pressure
P, for a prpbabilitybof damage a%’fgr»the adjusted VN of v2 is
discussed below. - b ' ‘ ;

For P type targets, the VN éoding relationship gives

\Z 3
Pso= 1216 (1.2)

1 The analysis of the Hiroshima-Nagasaki and Nevada
test datal® resulted in the adoption of the following relation-
ship between the overpressure required to damage a structure
to a givén level and the pressure which gives a 50% probability
of Qamage, Pgoe ' L
| | .297 b

* Pa = Pso e

3 5 B : . ‘
. B . . . < . I e

The probability a is given by

B Y« §

- _—L—— ‘x/z dx R . h H e A
P o -

. . -0 - . )
{wheré'b is the probability a expressed as probits-5. (A probit
‘has the magnitude of the standard deviation.  Minus 5 probiﬁs
is defined as a = 0%, 5 probits is 50%, and 10 probits

3
S

,lo"A Classification of Structures Based on Vulnerablllty to
Blast from Atomic Bombs", . - el : o
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corresponds to a = 100%.)

Similarily, for dynamic pressure,

Gso=.02893 (1.44)”'
o2 b
%o = Gso ©
In addition to coding pso's'ahd qso's, adjusted VN's

code the scaled weapon radii, SWRr1l, to‘be used in calculating
P3(r), the distance damage fﬁnction. SWR for each VN are
calculated“using the pressure - probability functions given
above by combining them with pressure-range-HOB data. SWR's
calculated in this manner are listed in AP~550~1-2-69-INT for
PVN's and QVN's at various scaled heights og burst, SHOB. To

facilitate computer applications, these calculated SWR's have

‘been approximated with polynominals of the form SWR = £(v2)

for various scaled heights-of~burst. The polynomials have the

forh
SWR = éxp( ?o ki‘(vl)é)"

where n varies from 2 to 7 dependiﬁg on the SHOB. The con-

stants kj and a further description of the curve fits are

cllscatgd weapon radii and scaled height-of-burst have dimensions

ft/KT”?,

41
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Numerical Calculation of Moments

| 1 oy A A T N

R P S

The moments presented in Section III.A. can be calculated
numerically if the damage function P4y(r) is known at the ranges

b ¢

; either from experimental data or from the analytic approxi-

mation to P4(r) from Secticn II.B.
Consider the contribution to the first moment from the

small section of Pd(r) from ri.1 to rj shown in figure A. 1.

Pd (rl-l)' ''''''''''
INCTY S— 1D
o

:., e - -—-

r—>
Figure A.1l.
Over the small range from r;_.; torj, accurate estimates for
P3(r) can be obtained by linear interpolation between the

.values of Pq at rj.1 and at rl. Therefore,

Ry = Rutr)=(Rr)- a(‘”"'))(:l: rr)

Theccontribution to (r) from this section of the damage

_function is : ‘
Ret j Rr)- (Em 5] o

43 S Appendix A
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Since the first moment is the summation of all possible terms

like that above,

A

(ry = 32 <% 2 3 3 (Rt Ben))(ri i)

izt (8]

where r 0.

o
Similarily, the second moment {r?) is arproximated by

e 2{ Br(n- t..)(r ri(n-n) +

+(Ptrin - Pdm)(' = )(n-*“('" ‘-.))}

This form may be rewritten as

<ry: Z z( <r\+a<r-o)(r-r )+ P(r) Py -.))(r )

where again r, = 0.

As explained in Section II.A., the weapon radii (WR=Y(r2)).

presented in Part I of AP—5$0—1-2f69}INTCare calculated numeri-
callyvusing this formulation. The dahage sigmas (Qg= V[ 2:2> )

calculated numerically for P type targets range from .10 to .20
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while for Q tfpe taryets the damage sigmas rangeifrom .20 to
30, For probability calcuiations, the distance damage functipn
is approximated bv the analytic function of Section II.B. The
parameter WR of this function is téken to be the numerically
calculated WR, while the parameter Jj is assumed to be .20 for

P targets or .30 for Q targets. This analytic apprcximation

to Py(r) will always have Pj(o) = 1. However, experimental.
data may not have P;(o) = 1 due to the hardness of the target
and the particular yield and HOB chosen. 1In such cases,
accurate probabilities of damage can not be obtained using

the analytic approximation of P4(r).
[ ]
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Derivation of Combined Effects Formulas: Section IV

o

The derivation of Equation 1 from Section IV is as follows:

From Section 1V,
WR = WR! + wRj - .zfr Fi(r) Pa(r) dr
let I = 2 ‘gr Pd‘(") pdz(r) dr

Using integration by parts, let

c -
|

= Pd.(r) sz(r) and dv = 2rdr

then du

a.(r) d Pd;(r) + sz(r) d pd'(r)

and v=r? ,

I then becomes

1=t B@BM| - (PR ™R - [r*R™dR ()
= 4( (‘")d (V') [ (ﬂda(r) , (EQﬁ, B-1)

Since the terms are symmetrical 1n Equation B-1, it is necessary

only to deal w1th one and apply the flndlngs to both 1ntegrals
e .
o L Pcaama

o ) 2,(r)

~E‘rorrySectlcn II.B. we know thgt» a'(r) 2 l(.gb(lj) dgf
‘3/2. T
o P = 7 € o

O R

B T . Pppendix B
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Z(r)= — (LV—R-',:'-ET)

P.

dP(r
and ( d )) dr = ‘(ﬁ-‘_fLFzr exp[—i—(zzcr))zj) dr

oo 2(r)
Taen, Ir == (( ¢(5)d3)( zﬂ-P r exP[-—(z( )) ])Al" (EQJ B-1l) |
Since d(ﬁm(r)) = .S‘;_.‘f. ond r*= ez’M(r) , the integration of

Equation B-2 .iay be made with respect to ln(r) rather than r.

lim In(r) = oo lim 1ln(r) = ~-o0
r-»00 r-»0
7 2Ln(r)
-f qu(ﬁ)d'j)( r__.ﬂ exp[ (i (hr)f)d In(r)

Combine the exponential terms and complete the square to obtain:

II1 = @ b (R )f ( a(g(;))d.‘f)ex(’( (}"r '/L"(WR ch))) 'ﬂ"l:“Pr,_ .

If we lety=—x—lmr and dy =—-£J—>S- , then
k ﬁl : Pl ‘ )

47
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q II,= ln(WR;)f( ¢(x v d!)exp( P(L"‘r IM(WR eaz)))‘vd_inéz

313 ) F

’ oo ‘n(wﬂe

Interchange the integral siyns, combine exponential terms and

complete the square to obtain
ta(wr,e P‘)

L ﬂn(w‘z")J (e“P[zP/sU"r )]

w7 )e"”[‘ZF (el

xg: + B In (wrye™)
N ,r pz
XzP: + P.z(h(wgz.e ﬁ‘))z
g |

where B =

SR

Holding the variable "x" constant and 1ntegrat1ng w1th respect

S to 1n(r) ylelds a value’ of 7; for the inner lntegral There—

fore,
. ‘_pl N
fn(we2) On(wn‘e") g
=S m.,—ﬁ exp[—zF‘FZ(C—Bz)] dx

Simplifying tne exponential under the 1ntegra1 51gn this becomes
£ (R 2) %(wa e fl)
c

[ II = —/;—-— .Y.-- exa[ ig (x ,Ln(wR eP‘)) ]dx

- O
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x— In(wr, ef*)
F ’

2y &,
- U (g4

then

Let f=

‘ N | WR, _Pz Y Pz .
where d,'=—P- an(—“—,i e ) = 2B ("‘-WR,_G ") . We then obtain
2 .

d‘l
II = WR? f ¢(f)df’
-
Employing the same procedure, the other'integr'al in Equation B-1
is:
%
wrt (- @(3) dg |
. had Pz | | p."
- WR, 4~ = 2. (r=wWrRe& .
where a,z_—ﬁ—-%(wn'e ) Zz<|" )

Substituting into the equation for WRI, from Section IV,

WR, = WRX +wRrRY - wr? (%515(5):/5‘ - Wi?:féﬁ(f) dp

Wil - we? (1- _f:zqs(s)ds‘) « Wt (1= "4e) dp)
i, - WR [ gsyds + wRE [ dep)dyp

~and

where o

(“o(s)dp = B2/ (wryefD) -
BEIGE: =B (2, (Wr,eP) .
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This result is equatioh 1 of Section IV.
The mean for combined weapon effects as presented in

Section 1V is
<ra)= f ( Fj‘(r‘)' + az(r) - Pd,(r) az(l')) dr

=<n> + <r‘;) - fal(r) Pd;(r)dr'
Let I = [a.(r) P (r) dr.
Using integration by parts,ﬁiet

R, (ry Py (r) anc:!‘ c-lvk=dr,

u =
Then du = By (r) d P (r) + Py(rdd Py (r)
and v=r. | r | o Z

Our integral is then

1 - { R a'(adra,z(?f [ rR. dR(e .

Since the integrals‘are‘symmetrié, it is sufficient to

examine only one integral and aprly the results Eo;both.

oo s

Let II = —’("r R, d PJ_‘,'C(")
where ; - ‘ ) 2
2(r s ’ B
-Y/2 ‘ | we,e
. < - ’ . T2 —t
Pdl (r) = .\{"‘2""—"_. e dg a"d i Z,(r') P' ;Lﬂ r ) .
50
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We also know that
dpal(v‘) -exp[ f;i"(»&"-(wgze ) }ﬂ").—[
dr ‘Y——"F,_

dr:

Therefore, II becomes

II f (Sr—e d'j CXP[ .z,e'-(lm(weze ) In ,.) J ‘
° mF r /
. Inr
Changing the variable "r" to 1ln(r) such that r= e and

dnr-= _d}r_ . this becomes

o0 g,(r) Cuk
- =Jehr((—7’5,_"’r?e‘t/zdﬂ exp[;y(ln(\m e ) tnr) ]>dﬁnr

T

Combining exponential terms and completlng the square,

2(r)

I1 -(f‘z)g ((Tz‘r?e /d'lexP[ 7:}4}’;5:' br WR,) )d Inr

Letting y = }-:F‘Lf—'-'- then‘ dv —-%L and when Y=z (r) then

$

D oad .
x = 1ln (wrzie(") . Therefore,

tn(wr,e ) L (ﬁ.n I W'l 2
pnr) |dyfexplasiinr * r
)f(f{___? exp|-; (xﬂm)]dX T——Fz )dﬂn

Combining exponentlal terms and completlng the square

H=<Q>J<f"“’éfpcff—m(csn expl- f Y hnr - )J)dw

- | -0

1/"",3 ’ﬁ?Fz

y5>1
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XBa + B In WR,
g

g : + Flz(t" W‘Rz)
Pl .

where B =

2

' 2_ L2 -3
and P = F. + /Sa_ .
Holding "x" constant and integrating with respect to 1ln(r)

lm(weep ) .
= (V‘a>§ —P—L—‘-F’(" Le wRaY]

Letting r = _X_Mz

dx
and d?—T” then .

¢ , . d_. 0% ' -F'
iy (e e wmere am ()

Therefore, the first moment for combined effects is

“ Y/
<Py =<ny +<n) - <r‘=>f4—— Ad;’ <‘">(~fzﬁ*e 2"5

| = ey 0%
= ¢ny ﬁc Piag , < >f,,——=€ dy

%2

v <r.;> = <r‘>(5(z;m,))} + <}~,‘){B(z.'(wr<2))}‘

where - /2-

B(z/ () = fr“ e

o= 2/(r) = 5 (WRe )

ThlS rnsult is equation 2 cf Sectlon IV.

i, :
£
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Calculation of Weapon Radii for Combined Effects

As explained in Section IV when two or more weapon effects
significantly contribute toward damaging a target, a combined
WR and 043 should be calculated and the P.D;'computation then
based on this combined WR and 03. This procedure is most often
used in estimaﬁing personnel casualties/fatalities when radi-
ation and blast have comparable ranges of effect.

The example program takes two WR's and their associated
damage sigmas and calculates the WR ahd damage sigma of the
combined effects.

WR,,, the combined WR, {r,,}, the combined mean radius,
and 9q,, the resultant damage sigma of two damaging effects,

may be calculated using the equations of Section IV.

=°l -53/2, 2 “l —“z/z
WR}, = wr? fﬁpae dj + WR, (Vﬁq er d!j
2,(wr,e ") z2(wr,e" *)
o0 _uz o0 —u2 '
oy <y (g € Vody +<rpy (i € V2 4y
2, (we)) 2,(wr,)
2
ogi. = | - ———-—-ﬁ;';Z
12 _
o
WR: €
where Z;(d)= T‘é-; ,Ln(—'a-“ )

. 53 Appendix C
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In ‘the example program:

7& » ‘ e

f1'= efﬂ dﬁ
‘ 2l 2
£2 = -r Ea"ﬂ/&c“j
22

and fnﬁ(v) = erf (v)
t is an indexing variable; If t=0 then

zl ='zl(w2)

22 zz(wl)
£1

£2

£1(z, (w2))
£2(z, (w1))

and r = <ri2>‘='w1*exp(—Bf/2)*f2+w2*exp(-32/2)*fl‘

since rj = WR; *exp(-82/2)

After r is calculated then:

zl = z (w2%exp(B2))

z2

zz(wl*exp(Bf))

t is then set to 1 and: . . - ., -

£1(z, (w2exp(B3)))
£2 = £2(z,(wlexp(B?)))

and w = WR,, = "W12*£2 + w22*fl

After r and w have been;calculaﬁed, the éombined damage

sigma may be derived:

s =.\/ | - ray(sz ‘ ‘

£y
D owem?
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/
05 rem COMPUTES THF. COMRINED Wk ANT SIGMA ¢ Given 2 wr end s
10 data 07052 30784, 04228 20123, ,00927 05272
20 data 00015 20143, ,.00027 65672, .00004 S0€38
%0 read a,b,c,d,e,f B
40 def fna(x) = 1 = 1/(1+a%x+b%x 2+ c%x 3+d*X 4+e*x H+f¥x €) 16
50 print input wr(1),s(1),wr(2),s(2)",
€ input wl,sl,w2,s2
&
70
/0
Q0

let b1 N

let v = sqr{- loe(1-52"2)
90 let W3 = sqr(b1 2+2"2) :
100 let 22 = (1/b3)*10g{w2*exp(~b2 2)/w1)
110 let 21 = (i/1%3)*log(wi*exp(~b1 2)/w2)
120 et f1 = 5-,5%21/abs(21)*fnalabs(z1)/1.41421)
130 let £2 = .5 -~ ,5%22/abs (22 )*fna(abs(z2)/1.41421)
135 41f t > 0 then 180 _ : N
140 let r = wivexp(~bl 2/2)%f2 + w2*exp(~-b2 2/2)*f1
150 print ¢<r> = ~ int(r+.5)
160 let 22 = (1/%3)*1og(w2*exp(-t2 2)/v1/exp(b1 2))
170 let z1 = (1/v3)*1oe(wi*exp(-bl 2)/w2/exp(b2 2))
173 let t =1 + 1
175 #0 to 120
180 let w = w1 2%f2 + w2 2%f1
190 let w = sar(w)
200 print "WR = “int(w+.5)
210 let s = sqr(l-r 2/w’2)
220 print "sigma = “int(100%*s+.5)/100
230 print ,
240 nrint
250 #0 to S0
400 end

let t =0 .
sqr{~ log(i~s1 2);
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*run

fnput wr(1),s(1),wr(2),s(2)
3500, .3,3000, .4

<> o= 3709

WR = 3873

sigma = .29

input wr(1),s(1),wr(2),s(2)
10500, .4,8000, .4

a) = 10644

W= 1135

31’!’8 = .35

input wr(1),s(1),vwr(2),s(2)
5000, .4,3500, .4

> = AR

WR = 5306

sigma = .36

tnput wr(1),s(1),wr(2),8(2)

1200,.3,1000,.3
D= 1245
VR = 1289
s_iem& = .?6 -
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Weapon Radii Determination for P and Q
Targets Including K-Factor Adjustments

Scaled weapon radii (SWR) fcr PVN's and QVN's numerically
calculated at various heights of burst as explained in Appendix

A may be approximated by polynominal curve fits of the form

“ .
log (SWR) = 2 k. (VZ)?
o 1
?
where v2 = adjusted VN

and n varies from 2 to 7 depending on the
scaled height of burst

Tie constants kj are calculated for SWR's associlated with
PVN's and QVN's at each 100 f:'t/kTV3 increment in SHOB from
surface to 900 ft/kTyG. Fits at other HOB's are not provided
because SWR's were calculated only at iOO ft/le/3 increments
in scaled HOB. This increment supplies sufficient accuracy
when interpolating for a non;tabulated HOB. Fits are not
provided for higher HOB's because higher HOB's would be above
tue "knee" in the HOB curves for pressures of interest.

For PVN's at scaled heights of zero ft., 100 ft, 800 ft.
and 900 ft., two equations per SHOB are required. These are
tnird and fourth degree polynominals with one fitting VN's
<7.5 and the other fitting VN's >7.5,. Howevef, at all other
overpressure SHOB's and at each dynamic pressure SHOB, one

equation gives an accurate fit. These polynominals are of the

57 Appendix D
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One advantage to this polynominal fit is that 1t_giVes

a petter interpolation for fractional adjusted VN's than can

be achieved by interpolating between SWR's as given in a list.

_ A disadvantage is that optimum SHOB's must be chosen
even to 100 ft., If the true optimum SHOB were 150 ft., the
program would provide for calculating the WR at 100 ft. and
at 200 ft. and then interpolate between these two to arrive
at.a WR for 150 ft. Thus if 100 ft. and 200 ft. were less

than optimum, the WR computed at 150 ft. will also be less

- tian optimum. Therefore, to obtain the largest WR possible

using the given curve fits, select the SHOB even to 100 ft.

wiich gives the largest WR. This calculated WR will generally
not differ from the actual optimum WR by more ﬁhan 5 ft/kTyé.
The following program is’designed so that VN, type target,
K factor, appropriatg damage sigmaQ»field,(gnd Height of burst
afe inéut fér eacﬁ case. fhe éépr9prié£erdamage sigma; s, is
input to enable WR's to be computed for targets which do not

nave SIGMA-20 associated with their PVN or SIGMA-30 associated

with their QVN.
H The VN adjustnent is per£ogﬁed usingcthe following
variable definitions. | '
vl base VN

E k

kkfactor
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Y = yield, in kilotons
v = adjustment to the base VN = A*log(R)
v2 = vl+v = the adjusted VN

The adjustment to the VN is derived by solving the

equation

’ Y3
R= |- (—'3) + (—'%—)(-279-) R (EQU. D-1)
where e = 1/2 for PVN
e = 1/3 for QVN
The solution for R may be achieved by an iterative process.

Modify Equation B-l to read

A
K kYa20)=® €
r‘.2.=l‘(’n‘o')+(|o Y) ri (EQU. B-2)
Initially set Pl = 2 if PVN
rl = 3 if QUN

Solve for r2. If |r2-rl| > .001 then let rl = r2 and again
solve Equation B-2 for r2. Continue this process until
Jr2-ri} < .001 |
The adjustment, v is equal to A*log, (r2)
where A = 5.485 for PVN

A 2.742 for QVN

The adjusted VN is then

v2 = vli+v
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The .WR is calculated using the following variable
definitions. v
h = actual height of burst

hl = scaled height of burst = hyy"?

h(l) = int(hl1/100)*100, i.e. the nearest even
‘ 100 less than hl
"h(2) = h(1)+100, i.e. the nearest even 100 greater
than hl
w(i) = scaled weapon radius at h(i)
w = SWR at hl

wl = WR scaled to correct yield and damage sigma

s = appropriate damage sigma, .2, .3, .4, .5

appropriate constants for the polynominal curve

k0,...k7
= fit; stored for each 100 SHOB up to 900 ft.

A scaled weapon radius is computed at h(l) and at h(2).-

If hl = h(l) then a computation is made only at h(1l).

ﬂ - C .
gli) = ko + Z" k; (vt

w(i) = exp (g9)
The SWR for hl is derived by linearly interpolating between
w(l) and w(2). o |
w=wi(l) +e* (w(2) - w(l))
where e = (hl - h(1))/100

W is then scaled to the correct yield and damage sigma

- to give the actual WR. SWR's for PVN's are based on a daﬁage\__ .

<
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éigma of .20 and SWR's for QVN's are based on a damage sigma
of .30. If the appropriate damage, s, differs from this
generality, the suitable adjustment is based on

WR = ry,/(1-s?)

1.04

]

sl

1/(1-.2%) for PVN's

sl = 1.10 = 1/(1-.32%) for QVN's

Thus, w * Yl/a/sl
1/(1-s?)

reo *al =w * yYs » al/sl

rs, = range such that Pg(r,,) = .5

al

wl

il
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rep

NWRCAL- Calculetes ¥earon Fedif

10 print TRPUT VE,T,V,8,Vielq,Hob

N
0

Q0 et e = (i/%)
0 let s1

input »1,t¥,k,s,v,h
if t¢ = e h?v en

=1/(1-.372)

e let a = ?,.42

x

].Ptr‘l -7

4t

O oo to 130

o6

10
110
100
130
14
1¥e
1€0
170
190
100

o e

210
20
P

272
AT

<240
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s,

%0
xc
e
20
26
X0
740
0
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0
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43¢
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let e = F

IPt §1 1/(1".1 '
let 4 = f‘."‘r

let rl = ¢

let 12 = 1-(%/10)+(k/

10)*(20/yY (1/2)%(r1) ¢

if ad(ro-r1)< €01 then 170

letrl =r2
o to 170
let v = &*lor(r2)
let v2 = vi+v

let hl =}' ¥ (1/0/
1Ptl(3) =

for 1 =

ift¥ = n
£0 to 1?30

1402
then 2£C

kD +x1%v0+
EQakIvz )

= exn{~(1))
‘f abq(r1-h(1}}< 1

g
‘D
e
n
~~
—
-~
iton

. Fo to NG

let i =2
let e =0
rext i’

let a1l = 1/(1-s"2)

1nt(b1/1or)f1cn‘

KOEVDTE AETRYE ® 4 R4%V2 4

o¥ve ZALZMY2

tken 260

let v = w(1)+9*(w(2)-w(1))

let & = w*y (1/7)/s1
let w1 = ro*al

Drint

rrint

orint . |

Fo to 2C

rrint ¥0 VALID WR===

nrint ‘

= po to 20

,ren this rives parame
if k1 <=0 then 420

3

¥R = "int(wil+.8)
VN TCO TARCE FOK FOR™

ters for the pwrs

<

arint POR too larpe for orocram

o to 10
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420 let h(2) = h(1) + 100
420 1ot e = (h1-}(1))/100
440 if h(1) >= 100 then £50
44? if v2 > 7.5 then 470

280 let kO = S.20603€

452 let ¥1 = -9,RFF2222e-02
458 let k2 = -4,270531Ge-03
A6€ let ¥R = 44 ,67361000e-08
450 let k4 = 0O

4€0 rFo to 232

470 let kO = 0,2€3243

470 let ¥1 = =1,21005824e-01
ACC let k2 = 12.747266e-04
A0 let kK3 = =€, 200€604C€e~0F
&N2 let k4 =0

S0 fo to 232

A0 1f R(1) D>=200 then FFD
ERE pem CONSTANTS TOR 100°
5% if v2 > F1 then 370
FECLE v2 > 7.E then €00
5¢F let kO 2, 00173

e let F1 = -1,132630e-N1
&75 let ¥2 = 31.16€0Re-05
Fep let K2 = €

o0 let ¥4 =0

FOR po to 232

L]

&0C let k0 = 8,20CFC

810 let k1 = -1,104373€e~1
20 let k2 = -4,84C408Fe~04
R let Y2 = & ,6301e-0€
30 let k4 = —C,168037Le-(17?

€40 Fo to 232

€0 if F(1) >= 300 then 770
FEE rer CONSTANTS FOF 200°
evn if v2 > 41 then 0

€ let FO = ,RGF223

©en let V1 = =1.4717856e-(1
00 let k2 = 12,74408Ce-03
710 let K2 = =2,0€32771e-03
720 let k4 = 16,.37F01e-05
70 let k& = -6,803:2e~06
740 let Y€ = 14,237 14e-N8

720 let 17 = =1.1675015e-0¢
“€0 Fo to 240

70 if R(1) D>=400 then R0
778 if v2 > 34 then 370

a0 let kO = 0,£1G504

700 let k1 = =C,002701Fe-02
e00 let k2 = —4,1872707 e~03
™M Jet '3 = £4,400P4e-05
0 let k4 = <3 ,7EERRZe~(OF
R let kB2 = 14,00C€6Ce~7
fan jet ¥E = =2,017068Ce-08
& let 7 =0

70 Fo to 240 63
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een if h(4) >=£00 tken ©c0 : S

SEE remCONSTANTS FOR 200° ONF FQ. FOK ALL VXS e
.0 if v2 > 30 then I70 ‘ : N

ero let k0 = R,4CC4R0 o

o0% let k1 = -1,0066211e-01

10 let k2 = -3 ,4445747e-(3 v

20 let k3 = 72,61706e-05 )

@O let k& = =7,.10305e-05

aan let k& = 33,10013e—07

o50 let k6 = -5B.66R5057e-08

ot let k7 = 0 .

R0 ro to 240

o if h(1) >= €00 then 1100 :

cc2 rem CONSTANTS FOR 500° OLF LC.for ALL VES *

ol if v2 > 27 then 370

10n0 let k0 = o,52608%

101C let k1 = -F.3120552e-02

1020 let k2 = -2.5622191e~-02

1020 let k3 = 54,26447 e~

1040 let k4 = -§,020330e-04

1080 let k5 = 24, A5604e-06

1060 let k€ = -1.0228646e-06

1070 let k7 = 11,4432e-00

10cC ro to 240

1100 if R(1) >=700 then 1210

1105 rem COXSTANTS FOR enc® ONE FQ, for ALLVNS

1107 if v2 > 25 then 370

1110 let k0 = ,.586222

1120 let k1 = =1,002711e-51

113 let k2 = =0,617175Ce-03

1135 let k3 = 2€.0232p-Na

1140 let k4 = -3 6026224004

1180 1et k& = 28,0251Fe 06

1160 1ét k€ = ~1,0026364p-0€

1170 let k7 = 15,41587e~06

120C p0 to 240 :

1210 if K(i) >=R00 then 1320

1212 if v2 > 22 then 370

1215 rer COMSTAYTS FOR m00° ONF FC. for ALL W\ 's

1220 let k0 = R,655062

1225 let k1 = -1,267008Fe~C1 [

1230 let ¥2 = 14,2¢281 e-03

1225 let k3 = —4,0C200 a0 .
S 1240 let k4 = B0,20128e-05 - .

1248 let 18 = =2,871023Ce=(5
T 1250 let kE = 43 ,70N(0Re—(C

X2 let k7 = N A .

1260 fo to 240 » )

1720 i f F(1} >=C00 then 1760
_ 1021 if v2 > 21 then 370 < . . i
1222 rerm COISTAMTIS WOF €00 ) ) .
T 1%e if v2 > 7.5 then 1353
CIRC€ let kD = ©,681008

1220 let k1 = ~1.1432664m-0] . .
IR 18 WD = 1, 7RORC0EECT 64 . Sy B

' $27080
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1340 let k3 = 15.,0560Ce-05

1342
1345
1380
1356
13€0
1365
1370
1375
1380
17381
1382
1366
1387
1320
1302
1504

1395

1400

let ¥4 = 0

£0 to 232

let kO = 12.51342

let k1 = ~-1.516344

let k2 = 17,680044e-02
let k3 = -8.0008356-03
let k4 = 14,0073€e-056
£0 to 232

rem CONSTANTS FOR Q00°

if v2 > 20 then 370

if v2 > 7.5 then 1400
let k0 = 8,710654

let k1 = =1,2158526e-01
let k2 = 12,03604e-04
let k3 = -1.3863281e~04
let k4 = 0

£0 to 232

let kO = 13.47289

rem THIS SECTION PRFSENTS PARAMETIRS FOR QWRS

1405 let k1 = -1 F7 193

1407 let k2 = 25.4726€7e-02 .
1400 let k3 = -1 4%25115e~-02
1410 let k4 = 26.40371e~0%
1415 go to 202

1430

1440 if h1{= 900 then 1470
1450 orint FOB is too large for nro?rarv
1460 g0 Lo 10

1470 let h(2) = h(1) +100
14020 let e = (h1-h(1))/100
1400 £ n(1) >= 100 then 1€00
1404 rem COMSTANTS FOR O HOB
140€ if v2 > 3% then 370

1700 let k0 = 8,315159

1510 let k1 = ~,1060868

1820 let k2= .0005224

1530 let k3 = ~,000313

1540 let k4 = 3,22640e-05
1550 let k5 = =1,23227e~06
1560 let k6 = 1.96707e-08
1670 let k7 = -1,05880e~10
1500 poto0240

1600 1f h(i) >=200 then 1700
162 remCONSTANTS FOR 100° SPOR
160€ if v2 > 35 then 370

1€10 let k0 = 8,376082

1620 let ki = ~,1042945

1670 let k2 = -,0012014

1640 let K3 = ~3.911368~05
1660 18t k4 = 1.28757e=05
1660 let k5 = —4,97570e~(17
167 let k€ = 5,77257e-09
1680 let k7 =0

<1665 £0 to 240

1700 1f ~‘41) >= 300 then 1810

74/08/08 PAGE 1S
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1704 rem CONSTANTS FOR 200° SFOR :

1705 1f v2> 35 then 370 RS -
1710 let k0 = £,42022 S TR (Y
1720 let k1 = ~1.00473e~01 Lo ' :
1730 let ¥2 = 14,622R”e~04 : .
1740 let k3 = ~B.0A0792e-04 :

1750 let k4 = GF.97002e-06

1760 let k5 = ~3,0149459-06

1770 let k6 = €1.20228e~00
17600 let k7 = ~4,9666330-10

1800 po to 240

1810 1f h(1) >=400 then 1920
1212 rem CONSTANTS FOR 300° SHOP
1815 1f v2 > 35 then 370

1720 let kO = 8,4R8315
1870 let ki = -, 103130
1840 let k2 = -,0034114
1P50 let k3 = ,0NN3087
1960 let ¥4 = ~1.07267e-05
18370 let k5 = 3,15662e-07
1800 let k6 = -5.,566466-09
1800 let k7 =0

110 po to 240

1620 if h(i) >=500 then 2030
1022 remCONSTANS YOk 400° SYOE
1025 if v2 > 31 then 370

1930 let k0 = 8,57600G ,
194¢ let k1 = -,1039085 _ i
1050 let k2 = -, COEE7E8 | ‘ | Con
1960 let k3 = 0012382 : |

170 1ot k4 = -,0001733

1080 let k& = 8.013R7e-06

1900 1ot k6 = —2,34FA20—07

2000 let k7 = 2, =1?C=e-m
2020 po to 24N

2030 if h{i1) >=€nc then 2140

© 2032 rem CCLSTAITS FOR £00°SEOR
2035 if v2 D> 22 then 370

2040 let K0 = R,643504 ,
2050 let k1 = -.1110564 . .

20€0 1et k2 = -, 004100

2070 let k3 = ,0006644 . :

2080 let k4 = -7 ,76P40 e-05 ) : .

2000 let k5 = 5.0PR0RR-NE : : _ o0
2100 let k6 = =2,27070e-07

2110 let k7 = 3.00626e-00
2130 po to 24C

2140 if h(1) >=700 then 2250

. 2142 rem CONSTANTS FOR €00° SEOB
2148 IF V2 > 26 TEEN 370

2150 let k0 = R.EBEF
‘2160 let k1 = -,1164822 -
2170 let k2 = 0003634
2180 let K3 = -,0006160 o IS o :
2190 let k4 = 057541005 . . 66 ... ‘L oL
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2200
2210
2220
2240

2280

2252
2265
2260
2270
2280
2290
2300
2310
2320
FAKH

2478
2480
2400
2500
2510
220
=30
2540
2550
2570
2620

—4,07263e-06
5.66402¢-08
0

let k&
let k€
let k7
#0 to 240

if h(1) >=800 then 2360

rem CONSTANTS FOR 700° SKOB
if v2 > 25 then 370

let kO = 8,707449
let k1 = -,1175602
let k2 = 0023483
let k3 = -.0013064
let k4 = 0001909
let k5 = ~1,15200e-05
let k€ = 2.83079e-07
let k7 = ~2.44704e-00

Fo to 240

if h(1) = 900 then 2470

rem CONSTAKTS FOR £00° SHOP
if v2 > 23 then 370

let k0 = R,736328

let k1 = -,1151805

let k2 = ,0021175

let k3 = -,0015218

let k4 = 0002654

let k& = -1,9€750e~0E

12t k€ = €,18015e~0r7

let k7 = =7.20562e09

£0 to 240

rem Constants for 600 SHOR

if v2 > 22 then 370
let k0 = 8,793042

let k1 = -,1154885
let k2 = 0001871

let k3 = =.0011000
let k4 = 0002357
let k5 = -2,01562e-C5
let ké = €,97520e-117
let k7 = -8.740866e-00
£0 to 240

end
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USSP

,"o;

1€,9,5,:4,500,5000

©

13.9.0,.2.1,500
VR = 1204

0,

13,9,0,.2,1,400

WR 1114

?
13,9,0,.2,1,900
- VR = 1048

INPUT VN,T,K,S,Yield,Hob
7

13,5,0,.2,1,100

¥R = om

.7

15,9,3,.2,100,3500

¥R = 402G

]

2 :

WR = 1777

? . “ o
11,49,3,.3,1000,5000

WR = 15122

18,9,3,.3,150,700
S VR =

|
A
»
N

n

¥E

a80es .

o
e N T T G AT T B [ O I o o RPN S 4 et k1
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Computation of Probability of Damage to Point
Targets or Normally Distributed Area Targets

This appendix explains the basic probability of damage
calculation program presented in Section VI for point targets
or normally distributed area targets located either at the
DGZ or offset some distance "x." The example program also
provides for calculating probability of damagebto a target when
CEP = 0, i.e., when the impact point is known. The methodology
outlined here may be adapted to the calculations of probabilities
of damage to uniform area targets as explained in Section VI.
B.2.

The probability of damaging a point target located a

distance "x" from the DGZ is

r?+ x*—2rxcos8

21T oo -
! 202
P = f( R(r) 572 € 7 rdrde
° o- 2(r) _52/
where Pd(r) = ?.2{——-_1? e Zd'j

-P:L
wRe
z(r) = —(,3' Ln(“‘;:‘—')
o = .CEP/1.1774

The probability of damaging a normally distributed area

target can also be described by the above equation if o is

69 ’ Appendix E



e ma.

e

e azy

replaced by o, where

CE

CEP,
Op = ————-
AT 1.1774
P, = YCEP? + ,231%(P-95)2

As expressed above P = f(B,WR,x,0,P-95). ‘In computing

P.D. slightly different parameters are input.

S

where B
wl
x1

and o A

tl

In

]

0 1.1774

They are
og = damage sigma (.1, .2, .3, ;4, .5).

sqr (-ln{l-s?))

WR

x = offset distance, which may be zero

CEP = measure of delivery error.
is desired, input ¢ = 0)

(When P.D. from G2
CEP/1.1774
CEPp = adjusted CEP,

CEPp
where oi describes the variance of the

joint distribution of delivery error and taryet
density.

P-95 = radius of circle which encompasses 95% of the
' target being considered.

the example program CEP, = cé = c2+.231% (t1) 2.

Exéept for the case of calculating Pd(r) from a G2 to a point

target, all variables are standarized by division by Op =

Ca

+ 70

1.1774.

3

£
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If the target is a point target then tl = 0 and ¢c; = c.

If the probability of damage to a normally distributed area

- target from a GZ is desired then ¢ = 0 and c, = Y.231%(tl)?.

A CEP of zero denotes a situation in which the impact
point is known and it is necessary to compute the probability
of damage to a target located "x1l" distance from the impact
point. This probability is calculated by letting

z(xl) = 1/8 * 1n (wl*exp(-B?)/x1)

then

Z(x1) oyl
P4 (x1) 7 &9 dy

-0

5513 et ().

The erf ray be approximated as shown in Section VI.A.3.
The approximation is fna(v) in the example program. If z>3.87

then P3=1 and if z < -3.87 then Pq = 0 since:

and .
..3_
T _dl/zd < .000]
R
- 00 o
71
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If |z] <5 x 10~% then Pg = .5. This is to avoid an . . ‘j

exponzntial underflow on tne computer, since

er f(’il) 'Fna(v) ‘

lzl

—

where V= =

and D=]+ev+ e,,v"-r- e,v3+ e‘,v"+ esv’-r e‘v‘
When Jz| < 5 x 107%, D'® will contain negative exponents too
large for the computer on which these examrle programs were
written to handle and an exponent underflow message would be
p.rinted. To allieviate this gprotrier, Pg is set equal to .5
when [2] < 5 x 107¢,

When delivéxy error and/or targat denéity must be con-

sidered, all parameters are standardized by division with

0p = CEP,/1.1774

WR

= —= »
w3 on 1.1774 Vl/ca
SEL 1974 s w1,
X = op - L wl/cy
r = (distance from impact point to target)/og

The probability of damage P is

f‘F(r)df
: ° g ,...L(r. .,.x) | ry cos &
where f(r) = P(") r e :7',_1?( € de
7'2'
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Since it is necessary to evaluate f£(r) only as long as

£(r) is significantly greater than 0,

P b
(-f(r‘)cl\" = (F(\‘)dr
o a -
where f(r) = 0 whenever r<a or r>b.

Wherever r = 9.25 * WR * damage sigma (o4 = .4, .3, .4,
or .5), Pg{r) < .0005, and it is unnecessary to evaluate the
integral bzcyond the point b = 9.25 * WR * o4.

Impact points are assumed to be normally distributed
about tne DGZ. The probability that a weapon would impact
farther than 4c¢ frém the DGZ is given by

oo 2
E%fre—r/zdr = .o00C5
2
Since the DGZ is located "x" distance from the target, there

is no significant contribution to P.D. when r < (x-4) or

r > (x+4). Therefore, a = max (0,x-4) and b = min (lO*WR*oa;x+4),

b
The integral S £¢rYdr may be evaluated using a 10 point
o

Gauss-Legendre quadrature formula i.e.,

b
| fm)ar = i%—‘f)— >, w f£(r)
2 t=1 ‘

where

r, = .5[(b—d) Z, +'b+a_]

73




The base points, 2;, are symmetrically placed with respect to
the midpoint of the interval of integratioxi. The weights, wj

are the same for each symmetric pair of z;. It is customary

1
midpoint, Z,9 for the next symmetric pair, etc. The notation

to designate z for the pair of symmetric points nearest the

Zyn = J, Wyp = K mean}s‘ z, =4J, Z.n < -J, Y = K"w—n = K.

10-Point Formula

z,, = 0.14887 4339w, = .29552 42247
g2 = 0.43339 53941 Wyp = -26926 67193
2,5 = 0.67940 95683 | - wyy = .21908 63625
2,4 = 0.86506 33667 Wy = .14945 13492
2,5 = 0.97390 65285 Wos = .06667 13433

At each r, z = 1/B ln(wl*exp(-82)/r)and pl = Pg(r) is
calculated as previously explained using fna(v). If h=0,

i.e., x=0, then f(r) = pl*r*e:&g(-:?l)

If h = (x*r) < 3.75 then J = (h/3.75)%
and £(r) = pl*r*exp(-(x2+r?)/2)*fnb( j )

an’

where fnb(j), =£!ﬁ; f exp(xrcoset) ae
. ° .

If h = x*r > 3.75 then j = 3.75/h
and f(r) = pl*f*exp(-(x-r)}'i)* fnc (3)

74




where fnc(j)*exp(xr) 1

o i i

exp (xrcos6)de

f(r) is then weighted by wj; and summed into f according to

the Gauss-Legendre quadrature formula

P = .5(b-a)*f

75
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SYSTRY 2

basic

0ld or new-old newornd

FII} newnrob CLASSIFIFD UNT

-rce adyv
*#11st

10 rem CALCUTATES P.I, TO POINT TARGETS —10-PT. Gaussian—-Legendre
20 dim 2(3) ,w(E),f(5,2) _

0 read el,e2,e3,e4 eF 8f

40 data .0705 2308, .0422 8201, .00G27053, .00015201

45 data 0002 7657 , 00004306

50 def fna(v) = 1-1/(1+v*(e1+v*(e?+v*(e’ﬂ+v“(e4+v*(e‘>+v‘*eb)))))) 1€

€0 read b1,h2,t3,b4,b5 b€ _

7 data *.5156220, 3 09Q°424 1.20€7492

0 data 2650732, J03E07ER, .004%8]"

o0 def £nb(v) =1+v*(h1+v*(h2+v*(b3+v*(ba+v*(bS+v*16)))))

100 read c0,ci,c2,c3,c4,¢5,c6,¢7,€8

110 data .39894229..01329592, .00225319. L0187565

120 data 00916281, 02067706, 02635637

130 data 01647633, 00392377

140 def frc{v) = c0+v*(vl+v*(c2-v*(c‘3—v*(c4-v*(c5—v‘*(c6—v(c7—v*c8)))))))

150 for I =1 t0o 5

160 read z(1) (1)

170 next i

180 data .14887433G,.206524225 , «4333CE304, L, 2692€€715
165 data JE70406568, 216086363, .8&)063367. . 140451349
190 data O73Q06F20, ,QFEE7T1344

200 orint TMPUT SIGMA- (decimal form)™

210 input s ‘

220 print INPUT WR, X, CFP, P-95"

230 inmut wi,x1,c, t1

. 240 let b = sqr(-loe’(l-q 2))

245 let ¢ = sqr(c 2+.231%t1 ?)

250 i1f ¢ > 0 then 43C

260 if x1 > 0 then 290

27 let p =1

280 fo to B8ED

290 let z = (1/b)*los((wi*exp(~%'2))/x1)
200 1f z > 3.87 then 370

710 if abslz) < 5e-06 then 390

%20 if z ¢ (<%.87 ) then 410

o330 let u = abs(z)/sar(2)

%40 let e = fna(u)

250 let v = 5 + S*abs(z)/z%e
20 po to SEO

370 let p =1

- 200 £0 to B0

00 let p = 5

400 p0 to BEO

410 let p =0 i 76 _
27050

Lt

i e 2B S I O N D

o
o,

o

S e, ¢ W R

RS

A




430

let W = 1,1774%wl/c
440 et x = 1.1774%x1/c
450N 1ot £ =0
460 let tO = O,25%\R¥%g
a7¢ 4f ¢ (4 then R2D
0N let 80 = x-4
400 {f a® > 0 then 510
5OC let aC = 0
F10 let ¥ = x+4
£20 p0 to 40
820 let aC = 0
M0 for i =11to0S
ER0 forn =1 to 2
fE0 let r = 5%(z(1)*(-1) n*(ha-ac) + bO+al)
=0 let z = (1/b)*lop((w2¥exp(-¥"2))/r)
0 {f z D3,87 then €00
fa0 if abs(z) ¢ Fe~0F tren €20
60 if z ¢ (=3,#7) then €00
€1C let u = abs(z)/sqar(?)
€20 let e = fna(u)
€20 let pl = ,F+.5%abs(2)/2%e
40 r0 to 710
R0 let p1 =1
660 fo to 71C
MC let Pl = F
€ 7o to 710
FF let n1 =0
0 o te 710
710 let t = x*r
7o if Y = 0 tren &CC
0 if b > 2,75 then 770
70 let § = (h*h)/(R,75%3 78)
7EC let f..,n) = pl¥r¥exn(—(x 241 2)/2)*fnb(J)
TFN eo to 020 :
0 let § = R7R/k
70 let £(1,n) = n1#r*exp(—(x~r) 2/2)*fnc(J)/sqr(h)
TN Fo to 020
A0 let fli,n) = pi#r*exn(-r 2/2)
M0 eo to 02C
RC let f = fo(i)*F(i,n)
20 next n
@2n rext i
TN let p o= JS#(hC-a0) e
0 nrirt int{1000%*p+ 8)/1000
70 rrint
/M 0 to 220
& end
FrATY
* <
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*run

ILFPUT SIGrA~ (decimal form)
?

X
INFUT ¥F, X, CEP, P-u&
o
2800,2500,1000,0
P
?
2250,0,1500,500
€6C
» ‘
3000,1000,500,0
280
?
1800,0, 150, 7
5T
?
1500,6,500,0
.0FC

1500 L0, B00, 1000
.07

78
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Computation of the Offset Distance for
a Specified Probabiiity of Damage

Situations arise when it is desirable to know the maximum
offset distance, Xy at which an aim péint may be placed and
still maintain‘a specified probability of damaging a target.

It is possible to find this maximum offset distance by an
iterative process of increasing the offset distance and cal-
culating P.D. until the lowest acceptable P.D., Pp, is found.
However, this method is slow and would be much too time con-
suming if many cases had to be considered.

Equations have been developed which yield a rapid calcula-
tion of xy when 45% < Pm < 95%. Two equations are given for
each damage sigma, an equation of a curve is used for smaller
values of WR/CEP and a linear equation for larger values.
Constants in the equations are functions of Pp.

Let xﬁ de.ote the offset distance such that Pixfy) = Pn

and let xy be the offset distance as determined by the equations.

Tiie following statements of accuracy generally hold.
|xm-xm| s 0.10 CEP

In the range of the equations of a curve, i.e. for smaller

WR/CEP :

Pm-P(xM) s .02

79 Appendix F
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In tue range of the linear equations, i.e., for larger WR/CEP:
Pp-P (xy)} < .01

There are two exceptions to this general‘éccuracy, both
occur at gg = .50. When Pp is in the fange of 60% then .
max Ipm-p(xMﬂ < 2.5%. When P is the range of 50% then
max lPﬁ—P(xMﬂ < 5%. 1If greater accuracy is.required, it is
suggested that the equations be used to derive xy, then xy
used as an initial starting value in the‘P.D.xéoméuﬁér proéram,
increasing or décreas;ng xﬁ as néceSSAry to find xﬁl

The following equations are used fbr determining Xy as

f(cd, WR, CEP, Pp). For SIGMA-20 targets, when WR/CEP < 3, then

= CEP* A*(wl-w0)B

where ) wl = WR/CEP
 WO* = .58 + 1.7*P°

A =5.102 - 14.9435*p  +
2 3
22.515%p, % - 11.674*Fy

B = ~5.218 + 27.37*B_ +

-41.766*p, % + 20.664*p °

<

*w0 indicates the smallest WR/CEP'which"canrachieQe Pm‘at the

DGZ. Tuerefore in the sample program if wl < w0 a statement
is printed saying "P cannot be achieved with this weapon."

3
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When WR/CEP > 3,

where

Xy = CEP*( A + B*wl )
wl = WR/CEP
A= ~(,0153 + 1.184*pm“)

B = 1.195 - .456*P,

.For Sigma-30 targets, when WR/CEﬁ < 3.5,

XM

waere : wl

w0

When WR/CEP

wnere

v

CEP*(A+B*(wl-w0)+C*(w-w0)f)

WR/CEP

(1.522 - 1.2058*p,)"!

1.146 ~ 1.85*p +.975*p; 2
1.4

~.414 + 1.126*p, - 1.14*P 2

3.5,
Xq = CEP*(A + B + wl),
wl = WR/CEP

A =-(.00662 + .93 * B_")

1.256 - .678*p,

81
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BN For SIGMA-40 targets, when WR/CEP < 3.5,

£ ‘

i

i CEP*(A+B (w1-w0) + C(wl-w0)?)

b XM

WR/CEP

CE L where wl

L w0 = (1.467 - 1.217*p)"!

Y
]

Pm/(-2.73 + 8.033 *P)

w
]

1.7 - .4115 *p;

-
0
]

When: WR/CEP > 3.5,

I | Xy = CEP *(A + B * wl)
oy ,i‘ .
) ! ! where wl = WR/CEP
- v R N
s : i -
= 2 A= .026 - 1.01*p "
= é' =1.234 - .785*Pm\
| l"%  : . For Sigma=-50 targets, when WR/CEP < 5;
i 5 Xy = CEP*(A+B (wl-w0)+C* 2}
? . M = *(A+B (wl-w )+C (wl-w0)?)
j , ' where "~ Wl = WR/CEP
D ’ E ; ’ ' = - -1
2 A w0 = (1.34 = 1.15+p)
; ;
: A= .28

. \ B = 2.152 - 1.524*p
b :
| L © €= -(.0252 + .35%py - .33*Pp?)

o <
5
r - .
¥
- .t
g i
.
i
! e
A
1'- R
N ’ ~ ML G
,l v N ! e W e
— ¢ %

: 2
-(.508 - 1.184%p; + 1.118%P7)
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When WR/CEP >

where

XM

wl

CEP*(A + B * wl)

WR/CEP
y
.113 - .864*P

1.17 -.858 * P
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03 rem CALCULATES MAX, OFFSET FOR MIN, REQUIRED P,D,
A5 print INPUT S
10 input s

15 print INPUT P,
20 input p,w,cN.

WR, CEP”

|
é 25 let w1 = w/cn‘
b 30 1f 5 = .2 then 200
¢ 35 1f & = ,3 then 300
4 40 If s = .4 then 400
1 45 if s = ,5 then 500
i 50 print nonappropriate sizms”
| 55 20 to 10
- 200 if w1> 3 then 250
210 let w0 = ,5R/+1,7%p 2

212 if wi< w0 then 580

215 let a = 5.10P-14,9435%0422,515%p 2=11,674%p 3
220 let b = 5,218 + 27,37%p =41.767%*p 2 +20.664%p"3
230 let x1 = a*(wi-w0)"D

240 20 to ANO

250 let a = =(.0153 + 1,184*n"4)

255 let b = 1,195 - ,456%p

2€3 let x1 = a+h*i

265 £0 to 600

; 00 if wi > 3.5 then 350

305 let wh = (1.522-1,2068%p) " (~1)

307 1f wi< wN then 630

P 310 let &

e e

1.146-1,95%D+,975%p 2

] 315 let b = 1.4
j 320 let ¢ = =414 + 1,126%p -1,14%p 2
: . 725 let x1 = ash*{wi—wn) + c*(wl-w0) "2
] 330 20 to 600 :
L 357 let a = ~(,NNEA? +,93%p 4)
; 755 let b = 1.256 ~,678%

3A0 let x1 = a+h™wil

365 g0 to AND
400 if wl > 3.5 then 45N

4n5 let w0 = (1 467-1,217%p)’ (-1)
477 if w1 < w0 then 580
410 let a = p/(~2.,73 + 8,033%p)
415 let b = 1,7-,4115%p
420 let ¢ = -(,5M -1,1%4%p + 1,119%p"2)
. 84
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73/07/21 PASE 11

225 let x1 = a+h®*(wi-wn) + c#(wl= )2
431 20 to AN
450 let a = 026 -1,01%p"4
475 let h = 1,734-,78*#p
46N Jet 1 = a+h*wl
4R o to AOD
500 if w1 > 5 then 5N
506 let wA = (1,34-1,15%0)  (-1)
507 {f w1 < 0 then BAC

510 let a = .78
517 let b = 2,152-1,524%p _
520 let ¢ = =(, @52 +,35%n -, 33%p 2)

525 let x1 = a+b*(wl-wD) +c*(wl-vw0) 2

530 =0 to 60N
550 let a = ,117-,35¢%n"4

555 let b = 1,17-.958%D
BEO let ¥1 = a+bt*wl

35 =0 to 600
530 printp,w,” p cannot be achieved with this weapon”
53h 20 to 20 i
€09 if x1> N then &n;,

673 let ¥1 = N
N5 let x = x1%c)
F1C print” "x
620 print
630 2o to 2N
Ga9 ena

ready

®run

IN°UT §
?.2
INPUT P, WR, (2P
?.8,450N0,1000

%2736, 634

2.9,5500,1500
3127,116

2.75,10000,2500
7565, 167

?.6,10000,2000
Rave 50T

2,5,2000,1000
1704 269
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n /0721 PAIE 12
2.05,2000,1001 : LA
% Jh 2non
/. p cannot be achieved with this weapon
/- » 2.,25,2000,1M0
K 533,172
R . ?
*rup ,
'
- 1%PUT S
')'3
INPUT P, P, CIP
2.79 4")’)0,300(\
o ! o 45N0
! P cannot “be achieved with this weanon
s 2.75,6600,2000 ,
- A615,112
! 2.45,5010,1500
f' 457,177
T |
: ?
5 i
;
| 3
7 .
Fe ‘ .
f .
27 '
_ ¢ " 86 L
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Computation of Probability of Damage to Circular
Area Targets with Unifcrm Density

To compute probability of damage to circular area targets
with uniformly distributed elements, concentric circles are
drawn about the DGZ (or GZ if CEP is 0) with radii rj = rj-.1 +
Ar where Ar is a small incremeﬁt{ The ith annulus is defined
as ZWP:-lﬂ‘ril . The probability of damagg to any target
element located in the ith annulus is Pj. If aj is the area
of intersection of the itM annulus with the target then the

average probability of damage to the uniform circular target is

b 4
Z‘Paa;

P-_-.E_'._____

2.0

i=t
where TR = target radius ,
I 2
22 o, = TTR
el

and I is such that a circle of radius ry about

the DGZ encompasses the target.

WR, target radius, offset distance cf the center of the
target to the DGZ and CEP are input into the example program

as wl, tl, x1, and c. Computation, however, is based on the
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parameters w3, t3, and x3. If CEP = 0 then

w3 = WR=wWl

t3 = tl target radius

x3 offset distance

x1

3

If CEP > 0, then

1.1774*w1 _ WR

w3 = S g

'1.1774*t1 TR
t3="c— =7

- 1.1774*x]1 _ offset distance
c o

x3

The radius of the ith concentric circle about the DGZ is
r(i) = r0 + i*kl. r0 is the initial value of r(i) and is 0
if the DGZ is loéated inside the target area. Referring to
figure G-1, if the DGZ is located outside the target area

then r0 = x3-t3. 1In the example program kl = Ar = t3/10.

rozo . ro=x3-t3

DGZ Inside Target DGZ Outside Target
- el Figure G-1 :
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If the intersection of the ith concentric circle about
the DGZ with the target is s(i), then the intersection of the
ith annulus with the target is a(i) = s(i)-s(i-1). (See figure

G-2)

resS ]

Figure G-2

The program uses the notation x = r(i) - .Swkl, where x is the
average ofiset distance of target elements in the ith annulus.
The average probability of damage p(i) to target elements

in the i'M annulus is computed as follows.

200 2
T -372
If the CEP = 0, then p(i) = Pg(x) =JW’?T—I‘-C c‘cj
-g' el
where z(x) = -—{'5— In (ﬂiﬁ_)

X
ar oo
: A 2,2
If CEP > 0, then p(i) = a7 F exp (-.5(r*+x*-2rxcosb8)drds
o % ’

The probability p(i) is multiplied by a(i) and this

product is summed for all i.

89
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( | | 3
This process is continued by incrementing r(i)} computing - “

s(i), a(i), and p{i) for each r(i), and summing p(i)*a(i) until o

r{i) = £3 + %3, i.=., un£i1 the concentric circles about the

DGZ cover the total target area. | . ;

The average P.D. to the target, P, is thén ‘g

2 paiac) "

P= oy

The area of intersection of two circles, ski},fis cal- G

culated as follows. If the DG7 is inside the‘térget, then vé

r(i) < t3 = x3. Ln %

In this case s(i) = 7 r(i)? (See figﬁreuG-3) g

\

f

Figure G-3 | ;

For a DGZ inside or outside the target where r({i) is greater v !

- than (t3 - x3) (See figure G-4), -

/)

° DGZ Inside Target DGZ Outside Target

. Figure G-4
90" .
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/i “ the following notation is used

- | dl = the cartesian coordinate in the horizontal direction of
the intersection of the itP circle about the DGZ with

‘ the target, based on a coordinate syétem centered at the

- DGz,

o - t3* + x3?
2 3

d2 = the cartesian coordinate in the horizontal direction of f
1

the intersection of the itP circle about the DGZ with

the target, based un a coordinate system centered at the ;

target center.

dl-x3

yl y2 = the cartesian ccordinate in the vertical direction
‘ of the intersection of the it circle about the
! } DGZ with the target. It is the same if the coordinate

system is centered ac the DGZ or at the to.get center.
2
Y'= rci) "dll I ﬁ
y2.= Yt3*-42*

atn (yl/d41)

atn (y2/d2)

et v e am -

al

where atn is the arctangent function

’ a2

91
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In the example proéram, if y1/41 or y2/d42 is n;gative the
¢omputer places the arctangént in the fourth qﬁadra;:. Sinéé
an angle in the second quadrant is desired, radians are
added. Theéefore, o .

if d1 < 0 then al

atn (yl/4l) +
if A2 < 0 then a2 = atn (y2/d2) + =

if 41 or A2 = 0 then al or a2 is T/2 radians

s(i) = sl + s2
where sl = r(i)2*(al-.5sin(2(al))
s2 = t3%#%1 - £3%2#%(a2-,5sin(2*%a2))
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! L ' 74/08/0¢ PAGL 1
REATY
‘Iist

& dim x2(28),r(25),a(258),s(258),£(5,2)
06 air z(%) v(‘)
1C read el,e2,03,04 65, 8F
15 data 070‘21 0794, ,04228901?1 , 0920572
20 data ,000C152 0143, LCOC27€5 €72, .COC043 Q€38
. X def fna(v) = 1—1/(1+v*(e1+v*(92+v*(e3+v*(e4*v*(eb+v*e6))))))"16
70" read Db1,b2,}3,b4,05,b6
IE data J.EIFF220, 2,.0800424, 1,20€74C2

4 data ?s=cmz, 020768, onaEm
4F def frb(v) 1+v*(b1+v*(t2+v*(n+r~(b4+v*(b5+v*he))))\

A read c0,c1,02,¢3,64,c5,¢6,07,¢8

B data .39994?28 , 01720507 , +00228313, 00157565

€0 data 00016281, 02087706, 02635557

€& data 0142763232, 00302377 :

™ def fn(‘(v) =cn+v*(c1+v*(cz—wr*(c"-v*(ca-v*(cs—v*(cs-v*(cv—v*cp)))))))
71 for i2 =1 to 5

72 read z(12),w(i2)

7X pext i2

74 data ,14807423C, .?w%wzs , 433TCHEIGA, 260266€71¢

7 data ,E704008F9, ,2100C0C3€3, LBEB0ERZE?, .14048124¢

76 data JCRRONEE2C, (CEFE71344

72 nrint” irrut SIGCMA - (decimal form)™
a0 inmut s

f orint” input WR,TR,X,CFP”

o0 input wi,t1,x1,c

(S [ N snr(—‘or(l—s ?2))
100 1f ¢ = ¢ then 125
105 let x2 = 1,1774%x1/¢
110 let w3 = 1,1774%w1/c
1i% let t3 = 1,1774%t1/¢

; 120 p0 to 140

! 125 let-x3 = x1

: 1 let w3 = vl
135 let t3 = 11

H 14C let p2 =

‘ 146 Jet 1 = (‘

170 let k1 = t7/30
158 Af x3 > 0 trer IfP
1F0 po sud 320

1F& po to C6
170 1f x3® > t3 then 160
: . 175 rem TC7 THETIDE ¢AF(P1

10 let M0 =0
19F ro to 207
' 100 rerm TC7 CUISIVE ARET
- 108 let rf = »"-47 ‘ .
200 rer rli) L-J. RADIUS OF 727 L°7F OUOn{rlTRIC CIRCLE 2,00 nre due
208 lat § = i+} _ .

1 (": r *1-
210 let r(i v +1¥)11 93

218 §f x3 +r{i) Dt3 tren 235 ‘ :




————

- ' 74/08/09 FAGL
220 rem )NNULUS CONTAINED INSIDE TAVCFT
22f let s(i) =2,1415c*r(1)72

20 po ta 255

2285 rem AXNUIUS KOT CCNiB It.}" INSIDE TARGET
240 if r(i) ¢ t2+x3 then 250

245 1ot r(1) = tZ+x3

250 po subh 85

268 let a(i) = s(1) ~ s(1-1) L
2F0 rem x IS THFN AVERAGE OFFSET PISTAMY OF TARCEY FIENMINTS oee
2€1 RiM 1

268 let x = v(1) =%

270 £o sud IeR

27F 1let »? = n2+p*a(i)

20 if etsl@1-r(1)) .01 tren 206G

2RE p0 L0 2CF

200 let p2 = v2/(3.14150%¢372)

200 print usipf 3I0F 02

i (ot pANp

210 print

315 p0 to S0

X20 ren TC7Z AT CXMIR OF TARGET

325 for 1 =1 tn 10

330 let r{i) i‘k‘l

335 let x = 1‘(1)—- r .

40 let s(i) = 3.:4159*r(1)"2‘

345 let a(i) = s{i)-s(i-1)

350 fo sudb 385

385 let p2 = p2 +p*a(l)

360 next 1

366 let £2 = 12/(3.14160%t372)

70 orint usine 3065,p2

370 return

36 rem CALCULATFS PD

X0 ifc = 0 then €10

4% let f \

410 let WS = 0.2‘*w1*

418 if ¥9< 4 then 435

420 let 20 = x-4

422 if a9 > ¢ then 428

425 let aG = ¢
4z let W = x+4
© 4X(C go to 435
422 Jet aC = 0
42" for i2 =1 tc £
& forn=1to 2

440 Jet r = 5%(z2(12)%(~1) n* {hC=al)+bo+al)
24f let z = (1/b)*lor((vf-‘-*exp(-—b"2))/r)
280 1f z D2.07 then 4605

af5 if abs(z) ¢ Be~0€E then 405

460 12 3 ¢ {~Z.87) tren 508

4FF let v = abs(z)/: ar(?)

470 let & = fna{u) ‘

475 let pl = +,E%ars(z)/z%e

40n po te 815

apm letpl =1 . 4

4

%
W
-~
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490 po to 5156

405 let pl = .5

00 fo to 515

f05 let p1l =0

810 po0 to 515

815 let h = x*r

20 if h = 0 then 570

522 Af h D> 3.75 then 535

£25 let J = (h*h)/{3.75%3,75)

527 let f£(12,n) = pl*r*exp(=(x 2+r 2)/2)*fnb(J)
80 ro to FO0

e let § = 3.75/h

f20 let £(i2,n) = prer*exyl- (x 1Y /20" rnc( ) /sar(h)
545 go to 6575

50 po to 590

50 let £(i2,n) = pi*r*exp(-r"2/2)

500 let £ = f+w(12)*£(12,n)
2 next n

. 05 next 12

00 let p = 5*(b0-20)*f
605 Fo tc €680
€10 rem CALCULATES PAd FROM G2
£ let z = 1/d*log({wi*exp(=b"2))/x)
@ 1f 2z > 3,27 then £BS
2% 1f abs(z) ¢ Re-06 then €65
€30 if z ¢ (~3.87 ) then 675

75 let u = abks{2)/sar{?)
640 let e = fra(u)
£ let p = 5+,.5%ans(z)/z%e
£0 F0 to €80
PG let p =1
6EC FO0 to EON
€70 o to €80
5 letp=20
670 returm .

€5 rem CALCULATES IMTIRSICTION WERN ONF CIRCLE IS KOT CONTAINED
€0 rer TRSIDE TPE OTHRR

€98 let @1 = (r(1) 2 =132 +x3 2)/(2*x3)
70r let v1 = sar(r(i)’2 -4172)

TE let ¢2 = dl-xx

710 let v2 = sqr(t3 2-d2"2)

718 if @2 > 0 then 730
720 let a2 = atn(v2/d2) + (355/113)
725 po to 780

7L i£d2 > 0 then 745

e let a2 = (355/113)%.5

740 p0 to 75D .

745 let a2 = atn(v2/d2;

750 4f 412 0 then 765

7eR let al = atn(y1/d1) + (355/113)

7E0 PO to 7RG , 9

74/08/05+ FAGL
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766 1f d1> 0 then 780

70 let al = (355/113)*.8

7?8 0 to 785

780 let al = atn(y1/d1)

785 let s1 = r(i) 2*(al-.5%sin(2*a1))

7C0 let b = a1*180/3,14159

708 let hl = a2*180/3. 4159

800 let s2 = t37'2%(355/113)-13 2*(a2-.5%sin(2%a2))
808 let s(i) = si+s? '

210 let a(i) = s(i)-s(i-1)

CAIE retum

825 end
FADY

R

96
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- input SIGMA - (decimal form) : %J
9 B

A €At re AP e Y 7

2
input VR,TR,X,CEP
0,

i 3500,1500, 4000, 1800
? - .298

: ?
g £C00,2000,4000,1500

Lo €615
?
; 1500,450,500,2000 ;
; #2099 i
o ?
{ 1500, 4500, 0,1000 ;
; 112 b
| i
‘ i
i
: |
;
i
| .
i
i

: ' 97




DISTRIBUTION LIST

DOD AND JOINT ACTIVITIES

AD1C 1 AFS COL
A215 2 DARPA
A024 4 CEF NUCLEAR AGCY
AN&S 2 oCa
AN4s 2 DEF CIV PREP AGLY
A"RS 1 NAT WAR COLLEGE
A795 13 NMCSSC
AC96 3 NEACP
A2ST 2 CIA GRP ANMCC
AL1S 1 CASD (ISA)
A12S 2 CSD (DD R & E)
Al7¢ 6 WSEG
A205 1 DMATC
A219 1L OMAHC CODE MP2
_A227 300 DMAHC DEPNT PHIL
A221 15 DMAHC DEPOT CFLD
A300 8 JCS
A0 1 JCS/J-5 STRATNEGBR
A330 1 X S/J-3 NWSB
A353 9 JSTPS
AS12 1L USDOCOSTRIKFRSOUTH
8132 1 DIA/DE-1
B134 1 DIA/DE-2
B13¢ ! DIA/DE-3
R15E 1 DIA/DS-4AS (PP)
8164 1 DIA/DT-18
8167 1 OIA/DT-28
- B252 1 DIA/DS-4C3 (STOCK)
BS54 1 DOIA/DS-4A4 (PENT)
B56S 1 DIA/DI-2AS
8581 1 DIA/DI-3A
8597 1 DTA/D1-3F (AHS)
B612 1 DIA/DI-4C4A
B651 1 DIA/DI-5X
8727 2 OIA/DS-48
8785 1 DIA/DO1-3D
8824 25 DIA/DI-TD
B82S 1 OIA/DI-TE
UeSe ARMY
€f3F .1 CH RDEA :
cns2 L CH OF ENGINEERS
c23s 1 1ST INF DIV(MECH)
1

C242 - FORSCOM
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QST g FOR .

P

s
R N

o o st e S T

ca28
C454
C456
€461
CaTC
€500
cers
cs513
€s22
€528
€53¢
€541
c56%

- €531

€593
C6CS
col?
C61S
Cé32
C €3S
c68?
c762
cr68

UeSe

Daneg
00313
DN42
D151
0153
D156
D22
0217
D22¢C
D244
D24¢
D247
D24¢€
D25¢
D24S
D496
Dsé61
D947
Dns8
D28C
Da02

bt ot gt ot NI O P PN s N Pt Pt put gt gt N\ P et et bt gt ] bt

NAVY

b et gt b gt i gt 4t PN ) pod put pus Pt b s et b e pab ]\)

0P TESTEEVAL AGCY
FLD ARTY SCH
COMD-GEN STF CCL
INFANTRY SCH

ARMY WAR COL

HO TRADOC
BALLISTIC RES LABS
PICATINNY ARSENAL
HARRY DIAMGND LAA
WHITE SANDS MSL RG
TRASANA

ARMY NUCLEAR ACCY
ARMCOM

FSTC

INFANTRY CTR

JFK CTR MIL ASSIST
CONCEPT ANLYS AGCY
MIA REDSTONE ,
CRD CTR & SCH

CMBTETNG DEV DIR !
ASA |
CACSI-S € T DIV |
OACST-USAITAD

NI SC

STRATANAL SUPPGRU
NAVFACENGCOM
NAVEODFAC IND HEAD
PAC MSL RANGE

NA VATRDE VCEN

NAV WAR COL
NAVWPNSCEN

CNR

NAVORDSY SCOM
NAVW.PSLAB DAHLGRN
NOL WHITE 0AK
NAVSHIPSYSCOM
NAVSHIPREOCTR OC
NAS SO. WEYMOUTH
DIR SSPQ
NWEPEVLFAC KIRTUND
NAVINTCOM 34

oP 603

oP 98D

OP 96 (DNM)
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UeSe AIR FORCE

EQ1C
EC1?
ET1E
£152
E10¢0
g221
E303
£310
£313
€314
E317
E£33r
E35¢
E4rd
E4C3
4R
E41C
F41l
£412
E412

E420

E427
E429
E43¢
E45¢C
E451
ESOC

UNIFIED AND

FQO05
Fleo
GCNrE
G111
G114
G3ino
HCPS
HOCS
H1r1
H3re
H215
H511
H53¢C
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AFIS/ZINDOC
AF/RDGC~-W
AF /RDGC-C
AF /INAKA
TAC (9TH TIS/ADD)
AF /SAJ
AF/INAP

AF /X0 X

AF /XOXFS

AF /XOXFC

AF /5AMY

AF 75AS

AF /X0ODCKD
AFLC
AFSC/INI

AF WL

ADTC
FTD/PDYA
SAMSO (INHN)
ESD

FTD

RADC

SAMSO (IND)
AFSCC (SUR)
AiR UNIV
ALL/LSE
AFALTYC

SPECIFIED COMMANDS

CINCAL
ALAIRCOMD
CINCONAD _
21ST CONAD RGN
25TH:CONAD RGN
USA ATRDEF COMD

- USCINCEUR

USEUCOM DEFANALCTR
USAFE 497RT1G (IRC)
USATCE(USAREUR)
USTASCCMEUR
COMSIXTHFLT

HQ 1ST ARMORED DIV
CINCLANT

FAISCEN OCEANA
FATSCEN CECIL.
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[ J364 27 NUWPNTR? GRULANT
i Jsngz 1 COMSECONDFLT
JS51€ 2 FICEURLANT
‘ J593 1 COMCPYEVFOR
} ‘ Jsre 1 COMCARGU 2
: Jag2 1 COMCARGRU 4
; Jesa 1 COMCARGRY 6
J94S 1 COMFAIRKEFLAVIK
i Jgsl 1 COMLA TwINGONE
. J991 1 FITCLANT
4 Js93 1 SECONDMAW
) KCOS 2 CINCPAC .
: KC2¢ 1 coMmusToc
i K10C 16 PACAF 543 RTG
: K200 1 1PAC
: K36% 15 NUWPNTRAGRUPAC
Voo K&4r8 1 FAISCENLEMORE(42AA
{ K41¢ 1 FAISCENWHIOBY-G2AA
A K420 1 FAISCENALAME(42AA
! K43¢ 1 NAVINSWAR/PBGREPAC
! Ks0r 1 CINCPACFLT
‘ KuheE 2 FICPAC
; : KS1C 1  COMNAV"CRJAPAN
' K516 1 FIRST MAF
: K529 1 COMNAVAIRPAC
: - Ke6l3 1  THIRDMAW
' &332 1 TI1 MARPHIPFORFMF
; Kése 1 COMPHIAPAC
; ¥ &5% 1 CCMOHIBFORTTHFLT
i K664 1 COM-RUDE SPAC
%  Ke8l 1 DEPCOMOPTEVFORPAC
: K727 1 ATK CARAIRWING S
; K736 1 CARAIRWING 11
: K741 1 ATX CARAIRWING 15
5 KBCQ 4 COMCARGRU(28A)
’ K9e1 1 ATKRONS{42KX1)
; vA-123 CNLY
K991 1 FITCPAC
LN4C 43  SAC S44TH ARTW
LGL 1 LUSCINCSO
M150 1 USAF SO COMD
NONE 2 USREDCOM
! L OTHERS
PONS 8 AEC
PCSE 15 CIA/CRS/AND/SD
PNoC 2 NSA
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RINE 5 OFC PREPAREDNESS

' PPERATING FORCES PACIFIC FLY

xan? 8 (29H)ICVA CVA(N)
OPERATING FORCES ATLANTIC FLT
Yon?y 6 {(29H)ICV CVA CVAIN)

LESS CVAN-638
Y128 1 (31a)LCC-29

690 coples - DIA Dist.
100 copies - DIA Stock
790 copies = DIA Total
300 copies Navy Dist.

- 1090 copies - TOTAL FRINT
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DEFENSE INTELLIGENCE AGENCY

WASHINGTON NG 2030%

U-3372/DB-4 1o ALk 1S
TO: Defensc Documentation Center

ATTd: DDC - TCA

Cameron Station

Alcxzandria, VA 22214

SUBJECT: Caange 1 to DI--550-27-74

Reference: fTelephone conversation between Mr, Hewson,
DbC, and Ms McGrady, DB-4Cl.

1. Reguest that Change 1 to DI-550-27-74, "Mathematical
bacrground and Programming 2ids for the Physical Vulner-

"ability System for duclear Weanons," 1 November 1974, AD

No. B-010-375L, we posted to the original publication and
included in all futurc distrivution of the basic document.

2. Request tiat distriouticen of Chanqge 1 only be made to
recipients of tac vasic document that nave been provided
vy your office.

3, Cuange 1 is enclosed.

FOR THE DIRLCTOR:

- ld .
/‘i((’/(//?‘yjrit/ /;( 7
1 Enclosurc a/s DAVID C. PARKIURST
CAPT, USN
Citief, Resources and
Installations Division
Dircctorate for Intelligencc
Researcti




DEFENSE INTELLIGENCE AGENCY

WASHINGT )N D C 20301%

t-3337/DIR-4 . 1 August 12706

O All Recipients of DIA Publication DI-550-27-74,
1 WJovember 1974 ‘

SULJuCi:  Change 1 to DI-530-27-74

1. Pen and inKk revisions comurising Caange 1 to DIA
puvlication DI-550-27-74, "llatnematical Baciground and
‘Programming Aids for tue Physical Vulnecraonilitv System
for Nuclecar Weapons," 1 November 1974, are enclosed.

2. After posting Change 1, this letter should be filed
benind tne title page.

FOR THE DIRECTOR:

A&W
1 Cnclosure a/s ) . . DAVID €. PARXIURST
- CAPT, USW ’
Chief, Resources and |
s _ Installations Division
ST . Dircctorate for Intcelligenco
{Rescarceih Conter)

Best Available Copy
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&§ " Pan and Ink Revisions to Mathematical Background and
(33

Programming Aids for the Physical Vulnerability Syatem
for liuclear Weapons, DI=550-27-74, 1 November 17'74

1. Page 18, second paragraph: chanqge first line to read,
"The parametcr @ of the impact point distribution. . . follows:™,

2. Paqge 19: change last line to read, "whorc 0.650L1% i
"

the standard deviation of the circular normal. . .".

3. Page 22:  first term on right side of last equation Jhould

ve [frx\ i:
‘ 2 '

. 4., Page 28, sccond paragraph: change scventh and cighth
lines to read: ©"As discussed in scction V, : is equal to. . .".

5. Pane 61l: change second linc to rcad, “"of .30. [IY the

appropriate damage sigma, s, differs. o ..

€. Page 72: fiftin linc from bottom of page should road,
"x = XL = 1.1774 * x1/c,". | ‘
7. Pajze 73: cnanjge sbcond paraqraph to rbéd. "Whenower
r =1.06 *+v3 * exp (2.86* g) (where g = .1, .2, .3, .4 or .5),
then P4(r) - .0005, and it is therefore unnecessary te evaluatoe
the integral beyond the point b = 1.06 * w3 * exp (2.80*-d) ",

8. Page 73:  third varagraph: clange last line to road,
". . o b= min (1.06*w3*cxp{2.86*% ), xid)",

9. .Paqc 77: change 1ine 460 to read, "lot S RTINS
exp (2.RA*5) % .

e

10. Page 94: ciange lige 410 (6 road, "ot b - 1 0%
exp (2.86*3)", _ . ' e
A1, Page 9%, delete Line 540, .
SR
: . . . Ciygneges !
< . . : ‘ LoAugust 1970

¢

Enclosur: to U=3133770101-4

Best Available Copy -




